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A b a t r a c t .
The i n t r o d u c t o r y  s e c t i o n  d e a ls  w ith  m odem  v ie w s  on th e  
n a t u r e  o f  s u b s t i t u t i o n  i n  th e  benzene n u c le u s  and  on th e  
m echanism s w hereoy  s u b s t i t u e n t s  e x e r t  t h e i r  in f lu e n c e s  upon 
th e  n u c le u s*  T h ese  i d e a s ,  m a in ly  due to  in g o ld  ci o o b in s o n , 
a r e  a p p l ie d  to  th e  n a p h th a le n e  m o lecu le*
A rgum ents p u t  fo rw a rd  f o r  th e  sy m m e tr ic a l s t r u c t u r e  o f  
n a p h th a le n e  a r e  d i s c u s s e d  end  th e  d i f f e r e n c e s  in  o h em io a l and  
p h y s ic a l  p r o p e r t i e s  o f  1 -b ro m o - and S -b ro m o -p -n a p L th y la m in e s  
p ro v id e  e v id e n c e  f o r  a  sy m m e tr ic a l s t r u c t u r e .  S u b s t i t u t i o n  
o f  n a p h th a le n e  i s  com pared  w ith  and shown to  be c l o s e l y  ana­
lo g o u s  to  s u b s t i t u t i o n  o f  d ip h e n y l .
The d i r e c t i v e  p o w ers  o f  th e  h y d ro x y l and  d e r iv e d  s u b s t i ­
t u e n t s  a r e  shown to  f a l l  o f f  i i  th e  o r d e r  01i)v >  
4 -h itro - (Y -n a p h tliy la m in e , l i k e  ^ - x ia p h th y la a in e ,  i s  shown to  be 
c a p a b le  o f  d i r e c t  b ro m in a t io n ,  b u t can  a* so  g iv e  2 :4 - d ib r o u o -  
l-n & p h th a le n e d l& z o p e rb ro m id e  and th e  m echanism  f o r  t h i s  r e ­
a c t i o n  i s  d i s c u s s e d .
The d i r e o t i n g  pow er o f  th e  ac e ta m id o  s u b s t i t u e n t  i s  d i s ­
c u s s e d  and th e  o /p  r a t i o  d e r iv e d  from  th e  n i t r a t i o n  o f  o l - a e e t -  
n a p h t h a i i d e .  N i t r a t i o n  e x p e r im e n ts  show th e  a ry is u lp h o n :a a id o  
g ro u p  to  be f a r  more p o w e r f u l ly  o r i e n t i n g  th a n  th e  ac e ta m id o  
g ro u p  and  co m p arab le  in  r e a c t i v i t y  to  th e  p h e n o l ic  s u b s t i t u e n t .  
A m arked d i f f e r e n c e  b e tw een  b ro m in a tio n  and  n i t r a t i o n  o f  
< ^ -s u lp h o n -n a p h th a lid e s  i s  o b s e rv e d  b u t t h e r e  i s  no su ch  d i f f e r ­
e n ce  i n  th e  c a s e  o f  f i -u a p h th a i id e s *  in  th e s e  r e s p e c t s  
o ^ s u lp h o n - n a p h th a l id e s  a r e  c l o s e l y  a n a lo g o u s  to  2 - s u lp h o n a a ld o -  
d ip h e i+ l s  an d  j l - n a p h th a l id e s  a n a lo g o u s  to  4 - s u lp h o n a i id o  ^
The d i f f i c u l t y  w ith  w hich  k - n a p h th & l id e a  u n d e rg o  b ro m in a tio n  
in  th e  2 -  p o s i t i o n  l a  shown by o c rap a riso n  w ith  th e  s u b s t i t u t i o n  
o f  d is u lp h o n a m d o  d e r i v a t i v e s  o f  jg -p h e n y le n e d ia m in e  n o t  to  be 
d u e  to  s t e n o  f a c to r s *  The d isuL plionam ido s u b s t i t u e n t  i e  
shown t o  have  a  f a r  s m a l le r  o r i e n t i n g  in f lu e n c e  th e n  e i t h e r  
t h e  a e e ta m id o  o r  su lp h o n a& id o  g ro u p s  b o th  i n  th e  b en seu e  and  
t h e  n a p h th a le n e  s e r ie s *
S u b s t i t u t i o n  in  L :5-am ino  n a p h th o l  p ro c e e d s  n o rm a lly ;  a  
f e e b l y  o r i e n t i n g  g ro u p  in  one r i n g  d o es n o t  m od ify  p o s i t i o n s  
o f  s u b s t i t u t i o n  due to  a  p o w e r fu l ly  o r i e n t i n g  g ro u p  i n  th e  
o t h e r  r in g *
E le c t r o n ic  p r i n c i p l e s  a p p l ie d  to  th e  sy m m e tr ic a l s t r u c t u r e  
o f  th e  n a p h th a le n e  m o le c u le  s u p p ly  a  f a i r l y  c o n s i s t e n t  b a s i s  
f o r  th e  i n t e r p r e t a t i o n  o f  s u b s t i t u t i o n  p r o c e s s e s  i n  th e  naph­
t h a l e n e  m o lecu le*
T he w ork d e s c r i b e d  i n  t h i s  t h e s i s  was c a r r i e d  
o u t  a t  B a t t e r s e a  P o l y t e c h n i c ,  u n d e r  t h e  g e n e r a l  
s u p e r v i s i o n  o f  D r .J  . . .e u y o n , t o  when 1 w ish  to  
e x p r e s s  a y  th a n k s  f o r  h i s  i n t e r e s t  a n d  a d v i c e .  
To D r . ? . B e l l ,  f o r m e r ly  l e c t u r e r  i n  C h e m is try  
a t  t h e  B a t t e r s e a  P o l y t e c h n i c  a n d  now B e a d  o f  
t h e  C h e m is try  D e p a r tm e n t ,  B la c k b u rn  T e c h u io a l  
C o l l e g e ,  i  am s i n c e r e l y  g r a t e f u l  f o r  h i s  g r e a t  
h e l p  a n d  g u id a n c e  d u r in g  th e  o o u r s e  o f  my 
r e s e a r c h .  T h an k s a r e  due a l s o  t o  th o  W a l te r s ' 
I n s t i t u t e  o f  I n d u s t r i a l  C h e m is try  f o r  f i n a n c i a l  
a s s i s t a n c e .
B a t t e r s e a  P o l y t e c h n i c ,  3 . f t . 1 1 . M a rc h ,1 9 4 5 .
g a f lK f t ia *
1 .  INTRODUCTION. M odern i d e a s  o n  s u b s t i t u t i o n  i n  tb *
B enson*  N u c le u s .
1 1 . BLBCTBDN1C CONSIDERATIONS APPLIED TO NAFfaTiiAL8WS.
A . C o n f ig u r a t io n
B . A o tlv e  P h a s e s  o f  N a p h th a le n e
C . A n io n o id  A e a o t i v i t y  o f  N a p h th a le n e  -  C h e m ic a l e v id e n c e
f o r  s y a a e t r l e a l  S t r u c t u r e
1 1 1 . OR1ENT1ND lNfLUEHG&S i n  t h e  NAPhTHAI^S SYSTEM -  ORIENT­
ING powm o f  VARIOUS OROUPB.
A . T he D i r e c t i n g  ro w e r  o f  t h e  h y d r o x y l  U roup  a n d  th #  lo w e r ­
in g  o f  i t s  o r i e n t i n g  i n f l u e n c e  on C o n v e rs io n  to  A lk o x y
a n a  .g -N i t ro b e n s e u e s u lp h o n e x y  G ro u p s
e o t i o n  i .  S u b s t i t u t i o n  o f  X -  e n d  B - n a p h th o ls
S e c t i o n  B. S u b s t i t u t i o n  o f  a n d  B -n a p h th y l
e t h e r s .
s o o t i e r ;  3 .  S u b s t i t u t i o n  o f  « -  a n d  t t - n a p h t b y l -  
m - n i t r o  b e u s e n e s u lp h o n a te s .
B . T bs D i r e c t i n g  P ow er o f  t h e  A ain o  C ro u p  -  A d d i t iv e
l i e a c t i o n s  o f  a -N a p h t h y la a in e  w i th  B rom ine
C . T he D i r e o t i n g  P o w e rs  o f  A a in o  D e r iv e d  i u b s t i t u e n t s .
S e c t i o n  1 .  T he d i r e o t i n g  i n f l u e n c e  o f  th *  
a c e tc t t i d o  group*
S e o t io n  3 .  T he d i r e o t i n g  in f lu o n e o  o f  th e  
a r y l s u lp h o u a a id o  g r o u p ,  a n d  
th e  e x c e p t i o n a l  b e h a v io u r  o f  
0 7 -n a p h th a l id e s  to w a rd s  b r o a i n a t i o n
B e o t io n  3 .  The f e e b l e  a c t i v a t i n g  in f lu e n o o  
o f  t h e  d i - s u lp h o n a a id o  g ro u p .
D . S u b s t i t u t i o n  i n  l :5 - A a in o  N a p h th o l
IV . EXPERIMENTAL.
P ag*
1 .
1 9 .
9 4 .
3 0 .
3 8 .
4 0 .
4 3 .
4 5 .
5 0 .
5 3 .
6 5 .
6 7 .
7 8 .
A p p en d ix  -  B utaaary  o f  Now Compounds O b ta in e d 11 4 .
1.
u o w m  W i X t i  ON SUBSTITUTION IN T i l t ' ,  D&N8 £ h S  ULMI.
S in c e  th e  n a p h th a le n e  m o le c u le  i a  many w ays re s e m b le s  
t h e  s im p le r  b e n z e n e , i t  w i l l  be o f  a d v a n ta g e  to  c o n s id e r  
m odern  t h e o r i e s  w h ich  h a v e  b een  p u t  fo rw a rd  to  a c c o u n t  f o r  
s u b s t i t u t i o n  In  t h e  b e n z e n e  m o le c u le  i t s e l f  an d  th e n  a p p ly  
t h e s e  i d e a s  t o  t h e  c a s e  o f  n a p h th a le n e *
The d i s c o v e r y  o f  t h e  e l e c t r o n  acme f o r t y  y e a r s  ago  was 
an  im p o r ta n t  one an d  d e s t i n e d  t o  r e v o l u t i o n i s e  o u r  c o n c e p t io n  
o f  t h e  n a t u r e  o f  c h e m ic a l  r e a c t i o n s *  i t  was u l t i m a t e l y  r e ­
a l i s e d  t h a t  t h e  o u t e r  s h e l l  o f  e l e c t r o n s  s u r ro u n d in g  th e  
a to m ic  n u c l e u s  p la y e d  a  fu n d a m e n ta l  p a r t  i n  t h e  c h e m ic a l r e ­
a c t i o n s  o f  an  e le m e n t*  A m arked  ad v a n ce  was made in  19IG
*
b y  dr*h .L ew is & K o s a e l  who, on th e  b a s i s  o f  t h e  B o h r -A u th e r fo rd  
a tom  show ed t h a t  c h e m ic a l c o m b in a t io n  a r o s e  o u t  o f  a  te n d e n c y  
to  g a in  o r  l o s e  e l e c t r o n s  in  o r d e r  to  a c q u i r e  an  i n e r t  {as 
c o n f ig u r a t io n *  A l t e r n a t i v e l y  e x p r e s s e d ,  e a c h  atom  te n d s  t o  
h a v e  an o u te r m o s t  g ro u p in g  o f  e i g h t  e l e c t r o n s  ( a  c o m p le te  
o c t e t ) .  C o n s e q u e n t ly ,  sod ium  w ith  one  e l e c t r o n  i n  i t s  o u t e r  
s h e l l  r e a d i l y  co m b in es  w i th  c h l o r i n e ,  w h ich  h a s  s e v e n ,  by  
t r a n s f e r r i n g  i t s  e l e c t r o n .  A f t e r  c o m b in a t io n ,  t h e r e f o r e ,  th e  
two a to m s a r e  h e l d  t o g e t h e r  by an  e l e c t r o s t a t i c  f o r o e ,  t h e
sodium  atom  h a v in g  a c q u i r e d  a  u n i t  p o s i t i v e  c h a rg e  an d  t h e  
c h l o r i n e  a  u n i t  n e g a t i v e  c h a rg e *  S i m i l a r l y ,  c a lc iu m  w ith  
two e l e c t r o n s  i n  i t s  o u t e r  s h e l l  g iv e s  t h e  e l e o t r o v a l e u t  
i o n i s e d  com pound C a ^ B r " .
1. I N T R O D U C T I O N  *
 -1™    — r .- ^ ^
2 .
T his type o f  lin k a g e , however, cannot serv e  to  account 
fo r  th e  la rg e  number o f  oompounds in  whioh e le o t r o s t a t io  fo ro es  
are a b se r t , and so in  tho asm. y ea r , Lewis p ut forward th e  
co n cep tion  o f  e ie o tr o n s  being shared between atom ic n u o le i .
Thus o h lo r in e , whioh i s  one e le c tr o n  sh ort o f  tho s ta b le  o o t e t ,  
oombines w ith  another atom o f  o h lo r in e  so th a t  th e r e s u lt in g  
m olecu le  c o n s is t s  o f  two o h lo r in e  atoms sh arin g  two e ie o tr o n s ,  
and th e  o o te t  around eaoh i s  m aintained  :c i*  c i ;  —> : c i : c i :e e ee • • ■ •
In  t h i s  oase both o c t e t s  are com plete and th .r o  i s  no tran s­
fe r e n c e  o f  e le o tr o n  or charge. T his typ e o f  v a len cy  bond, 
whioh was named oovalen oy by Langmuir can be a p p lied  to  a  la r  o 
number o f  organ ic  oompounds. Thus, carbon with fou r e ie o tr o n s  
sh o r t o f  i t s  o o te t  w i l l  eonbine w ith  four hydrogen or o h lo r in e  
atoms and th e  r e s u lt in g  m oleou les w i l l  be uncharged and w i l l  
be h e ld  to g e th er  by o o v a len o iee . T his i s  th e  normal type  
: c i :  U H H
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o f  lin k a g e  found in  carbon compound*. A s in g le  bond, th ere­
fo r e  re p r esen ts  th e  sh arin g  o f  two e le c tr o n s  -  a double bond 
would, on t h i s  b a s is ,  rep resen t a sh arin g  o f  fou r e ie o tr o n s ,  
as in  e th y le n e  and th e  a o e ty le u io  t r ip l e  bond d en otes a  group . 
o f  s i x  e le c tr o n s .
A fu r th er  typ e o f  lin k a g e  was en v isaged  by L ew is, which 
was termed a sem i-p o lar  double bond by Lowry, and Later a co­
ord in a te  by Sidgw iok. T his type o f  l in k  o o n s is t s  o f  th e  
d onation  o f  unshared e ie o tr o n s  towards a group, or atom, which
i s  sh ort o f  i t s  s ta b le  o c t e t
R
R:A * R:A:B
• • * •
For example, th e two uncharged e le c tr o n s , or  lo n e  p a ir , o f  the  
n itro g en  atom in  ammonia i s  u t i l i s e d  to  make up th e  o c t e t  o f  
boron in  th e compound, boron t r i f lu o r id e
Such a  lin k a g e  in v o lv e s  th e  gen era tio n  o f  in tram olecu lar
charges and i s  co n v en ien tly  rep resen ted  by an arrow p o in t in g
from th e “donor" atom to  th e "acceptor* atom. The two oharged
neighbouring atoms are safcd to  c o n s t i tu te  a d ip o le .  Sugden
shoved th a t  compounds co n ta in in g  t h i s  lin k age e .g .  n itr o  bodies  
4 n
(ii -  had abnormal p arach ors, and P h i l l ip s  la  925 succeeded
in  preparing e th y l-p -to lu e n e su lp h in a te  in  an o p t ic a l ly  a c t iv e
s t a t e ,  showing q u ite  d e f in i t e l y  th a t th e  o ld  accep ted  stru c tu re  
& 1
^ > 8 - 0  was in a ccu ra te« In a suLphinate, however, th ere  i s  
a lon e  p a ir  o f  e le c tr o n s ,  and fu rth er  co -o rd in a tio n  w ith  oxygen 
i s  p o s s ib le  to  g iv e  a  su lphonate which i s  no lon ger asymmetric:
One o f  th e  most im portant a p p lic a t io n s  o f  th e  E le c tr o n ic  
Theory i s  to  th e  cou rse o f  chem ical r e a c tio n s  in  organ ic  
chem istry* Most m o lecu les  can assume a c t iv a te d  forms d i s t in c t  
from th e ir  r e s t in g  s t a t e s  and in  th e  case  o f  th e  benzene m olecule,
H F6
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we have to  d is t in g u is h  betweei two e f f e c t s  o f  e u b s t i to e n ts ,  
f i r s t ,  tho in flu e n c e  o f  a  su b s t itu e n t  on th e rou tin g  s t a t s  o f  
tho m o lecu le , and seoond, th e in flu e n o e  o f  a  s u b s t itu e n t  on tho  
ea se  o f  assum ption o f  a  s p o o la l ly  a c t iv a te d  form. In o th er  
words, th e  bonieno r in g  may be p o la r is e d  owing to  th e  p ressu re  
o f  a  s u b s t itu e n t , and ti i s  p o la r is a t io n  may be a  permanent one, 
or a  temporary one, a r is in g  a t  tho e a l l  o f  th e r e -a g e n t.
Our knowledge o f  th e  permaneut r e s t in g  s t a t e  o f  a  m olecule  
i s  fu rn ish ed  by d ip o le  moment measurements. I f  the mean e le o -  
t r io a l  ce n tre  o f  a l l  Uie e ie o tr o n s  in  a  m olecule does n o t co in ­
c id e  w ith th e  corresponding cen tre  o f  th e  atom io n u c le i ,  which 
th ey  surround, th e m o leou le , a s  a  w hole, w i l l  p o s se s s  a  d e f in i t e  
e l e o t r i c a l  moment. in  th e p resence o f  an e l e c t r i c a l  f i e l d ,  
such m oleou les w i l l  tend  to  o r ie n t  th em selves In th e  d ir e c t io n  
o f  the f i e l d  u n t i l  th e  t o t a l  d ip o le  moment, o r ig in a l  and induced 
w i l l  be balanced hy r e s to r in g  fo r c e s . Measurement o f  th* d i­
e l e c t r i c  co n sta n t in  th e  l iq u id  s t a t e  w i l l  g iv e  th e  to ta l  d ip o lo  
f i e l d ,  and from t h i s ,  by su b tra ctin g  the “d is to r t io n  e f f e c t*  
(o b ta in ed  by measurement o f  th e  d l - e l e o t r i e  co n sta n t in  the  
s o l id  s t a t e )  there w i l l  be obtained  a  measure o f  th e  e f f e c t  o f  
th e  m oleoular d ip o le . V alues o f  d ip o le  moments (u ) fo r  var iou s  
s u b s t itu e n ts  1  in  th e bensens r in g  are g iven  in  th e  fo llo w in g  
ta b le
4 .
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5 .
These d ata  do n o t g iv e  th e  d ir e o t io n  o f  th e  oharge between 
th e  group and th* n u c le u s , but aeasu roaon ts ofyu fo r  p -d isu b ­
s t i t u t e d  b on sen es, w i l l  en ab le  t h i s  to  be known, s in o e  the  
v a lu e  f o r i e  a s  a  f i r s t  approxim ation th e a lg eb ra !o a l sum o f  
th e  in d iv id u a l d ip o le  moments. 
p -su b a t ltu te d  n ltr o  b en sen es.
I t  a u s t  be assumed th a t th e n itr o  group, by v ir tu e  o f  i t s
s e a l-p o la r  double bond «#•'** has a  d ip o le  in  th e  d ir e o t io n
♦ 0
in d ic a te d , and th e above ta b le  shows th a t th e r e  i s  a  permanent 
e le c tr o n  s h i f t  a s shorn In the fo llo w in g  compounds
CH3  CgHg—* NOg C l^if- Hal
As an i l lu s t r a t io n  o f  th e se  e f f e c t s  i t  w i l l  be s u f f i c i e n t  
to  tak e the oa ses  o f  eh iorn ofctie  a c id  and p - to lu id in e  and com­
p are th e ir  p r o p e r t ie s  w ith  th o se  o f  the corresponding un sub­
s t i t u t e d  compounds*
C h loraoetio  a c id  i s  a  stro n g er  acid  than a c e t i c ,  due to  
th e  a t tr a c t io n  o f  e le c tr o n s  towards the o h lo r in e  atom and th e  
consequent g rea ter  f a c i l i t y  fo r  th e  io n is a t io n  o f  th e oarboxy- 
l i c  hydrogen atom*
B - C1U - C0g - li OE2 Cl c h 2*c o 2 ~ H  «- Oilg
j>—’T olu id ine i s  a stro n g er  base than a n i l in e  owing to  a  
r e a d ie r  acquirem ent o f  e le c tr o n s  by th e n itro g en  atom, due to
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Deduction
t h e  r e p u l s i o n  o f  e i e o t r o n s  b y  t h e  m e t h y l  g r o u p s -
H NHg H CH3rt 2 H
I t  i s  a ls o  seen  th a t th e  e f f e c t  o f  th e  m ethyl group can  
p a ss  w ith  f a c i l i t y  from one s id e  o f  th e  r in g  to  th e  o th e r ,
i . e .  i t s  e f f e o t  eon bo induced through th e  r in g . Groups l ik e  
m ethyl, whloli have l e s s  a t tr a c t io n  fo r  e ie o tr o n s  that, a  hydrogen 
atom induoe a  n e g a tiv e  f i e l d  in to  th e  bensene r in g  ( - 1  e f f e o t )  
and groups whioh have a  g re a ter  a t tr a c t io n  fo r  elootronB  than  
hydrogen, os shown by d ip o le  measurements, induoe a  p o s i t iv e  
f i e l d  ( + - \  e f f e o t ) .  I t  i s  w e ll known th a t  groups b elon g in g  to  
tho - 1  type d ir e c t  s u b s t itu t io n  in  ortho and para p o s it io n s  of 
th e  bensene r in g , w h ile  groups euoh as -NOg, -KMe3 , -COOH, 
which belong to  th e  + 1  typ e s u b s t itu te  la r g e ly  in  th e mata 
p o s it io n .  In g o ld , (tteo. t r a v . ohlm. f 1929, 48 , 808) has put 
forward a  th eo ry  to  aoeount fo r  th o  d ir e c t iv e  in flu e n o e  o f  th e se  
two ty p e s . Ortho and Para oarbon atoms in  to lu en e  are d ir e o t ly
'......... 'T V ' '.... “. ' 'T  " .... r, , ' -  ' -
The s ig n s  r  and -  fo r  th e  T e f f e o t  arc immater i a l , but s in o e  
we are o o n sld er in g  th ese  e f f e c t s  trom tho p o in t  o f  view  o f  th e  
bensene r in g , th e s ig n s  ore chosen to  rep resen t th e  typ e o f  
f i e l d  induced by th e  s u b s t itu e n t  in to  th e  n u c leu s , and in  t h i s ,  
th e  author i s  in  agreement w ith dobinson ( “O u tlin e  o f  an K leo tro -  
ohem ioal Theory o f  th e  Course o f  Organic ileaotion s*  -  I n s t  o f  
Chsm .p.34) on th e  n e o e s s i ty  o f  rev ersin g  th e  s ig n s  whioh have 
been in  gen era l u se in  reo en t y e a r s .
a c t iv a te d  by th e  fo rc in g  o f  e le c tr o n s  in to  th e  n u o leu s by th e  
m ethyl group, th e  e f f e o t  o f  which o&n be tra n sm itted  d ir e c t ly  
a cro ss  the n u o leu s . The a-o&rbon atom i s  a c t iv a te d  a l s o ,  but 
t h i s  i s  a  second order e f f e c t ,  ( f l g . l ) .  The-t-1 e f f e c t  i s  
i l lu s t r a t e d  by f i g .S .
rt
In th e  l a t t e r  oase o -  and p o s it io n s  a re  d ir e c t ly  d e a c t iv a te d  
w h ils t  th e  m- p o s it io n  i s  d ea c tiv a ted  by a  second order e f f e o t ,  
and henoe s u b s t itu e n ts  w i l l  en ter  m ainly in  t h i s  p o s i t io n .
Another e f f e o t  whioli has been p o stu la te d  i s  the d ir e c t  
e f f e o t  produoed ay the f i e l d  due to th e  d isp lacem en t o f  e le o tr o n s  
towards th e benzone n u c leu s  by a  group such a s  m ethyl. In t h i s  
o a se  the degree o f  a o t iv a t io n  should f a l l  o f f  w ith  d is ta n c e  and 
a c t iv a t io n  should be a s  o > m > p . The eon verse  should be th e  
oa se  when a p o s i t iv e  p o le  i s  a ttaoh ed  to  th e  nuoleus and a o t i ­
v a t io n  should then be p )  a ) o .  The fa o t  th a t s u b s t itu t io n  in  
to lu en e  f* r  example p roceed s o ,p , 5m, shows th a t  t h i s  e f f e e t  
has sm all in flu e n o e  on th e  p o s it io n s  o f s u b s t itu t io n  and t h i s  
d i f f i c u l t y  has been overeome by In gold  (d eser ib ed  a b ove).
Abundant ev id en oe fo r  th e  e x is te n o e  o f  a f i e l d  e f f e o t ,  however, 
has been su pp lied  by Lapwortb and Bobinson in  a  d iso u ss io n  upon 
d if f e r e n t  ty p es  o f  s u b s t itu e u ts  (Mem, fcandhoster P h i l .S o o .1927. 
7 2 , 4 3 ) .  The main t h e s i s  in  t h i s  paper i s  th a t  th e  e l e c t r i c a l  
f i e l d s  in  th e  m o lecu le , due to  th e p resen ce  o f  s u b s t itu e n t s ,  
o o n tro l to  a c e r ta in  e x te n t  th e  a v a i l a b i l i t y  o f  e le o tr o n s  in
d if f e r e n t  p a r ts  o f  th e  n u o le u s . In gen era l s u b s t itu e n ts  may
be d iv id ed  in to  two ty p es  A and A i s  a  group whioh e x e r ts
a sm aller a t t r a c t io n  on e le c tr o n s  than a  hydrogen atom. Henoe 
a s  a  r e s u l t  o f  th e  p o te n t ia l  g ra d ien t in  th e  m olecular f i e l d ,  
e le c tr o n  a v a i l a b i l i t y  should  be g rea ter  in  th e  ortho than para  
p o s i t io n s .  B i s  a group whioh a t t r a c t s  e le c tr o n s  more s tr o n g ly  
than a  hydrogen atom and th u s e lec tro s , a v a lla b i  l t y  i s  g r e a te r  
in  jj+ than d -  ( f i g s . 3  and 4 ) .
Thus groups o f  type A (e .g .C ti^ ) which are g - g -  d ir e o t iv e  by 
v ir tu e  o f  t h e ir  - 1  e f f e c t  should  y ie ld  a  g r e a te r  amount o f  
0 ,-s iu b s .tlt ited  d e r iv a t iv e ,  an in  fa c t  th ey  do. Groups o f  type  
B ( e . g .  NOg, KMej,) are g e n e r a lly  meta d ir e o t iv e  on aooount o f  
th e ir  -<-1 e f f e o t .
.The f i e l d  e f f e o t  i s  i l lu s t r a t e d  by th e  a lte r a t io n  in  th e  
o /p  r a t io  by superim posing one type upon an oth er . f o r  example 
th e  B e f f e o t  upon th* A in  b e n iy l c h lo r id e  oauses an inoreaa*  
in  p /o  r a t io  a s  compared w ith  to lu en e  as th e  fo llo w in g  f ig u r e s  
fo r  n it r a t io n  show:
^38$ -t 55,-
Other exam ples g iven  by Lapworth and Robinson are:
9 .
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B e f f e o t  added.
(L-21
Although th e halogens aro norm ally o.-£- d ir e c t iv e ,  th e ir
+ 1  e f f e c t  w i l l  r e s u lt  in  high p /o  r a t io s  as fo l lo w s : -
At ICC
lt‘<+
These f ig u r e s  a lso  show th a t t h e - f l  e f f e o t  d ecreases in  th e  
order ? )C l)H r)I.
Removal o f  a B type o f  su b stitu e n t to a p o s it io n  more 
remote from th e  nucleus w i l l  decrease the proportion  o f  m- 
isom eride as the fo llo w in g  examples show:-
<U1Z-Vbz
tf&f.
cf<z.CHx' M M tj  ^  MDj
v Zo%(oc/, q0yo
d ecreasin g  B e f f e c t .
The A e f f e o t  superimposed on B i s  i l lu s t r a t e d  by the fo llo w ­
in g  s e r ie s ,  (The -SOgR group i s  regarded as a B type in  v ir tu e  
o f  th e large  p o s it iv e  charge on the sulphur atom.)
 .— .--------„----------------
1 0 .
( ]
9Wr%
Many more e a a p les  o f  th e se  two e f f e c t s  are g iven  by Lap- 
worth and Robinson ( lo o  e i t . )  and th ey  undoubtedly prove th e  
o x is te n o o  o f  a f i e l d  e f f e o t  a s so c ia te d  with th e  n u c leu s.
Lapworth and Robinson in  th e  same paper a ls o  draw a tte n t io n  
to  th e  n ature o f  th e  s u b s t itu t in g  agent as a  fa c to r  bearing  on 
th e  o /p  r a t io .  They r e fe r  to  tho work o f  Gatterman and L ib e r -  
man on the form ation o f  aso  oompounds from «6 -naphtbol and i t s  
3 -  and 5 -  su;phonic a c id s .  These naphthols wore ooupled w ith  
diasonlum  s a l t s  from su lp h a n ilio  a c id , p -o h lo r o -a n ilin o , 2 :5 -  
d io h lo r o a n il in e , 2 :4 :5  t r le h lo r o a n i l in e ,  and £ - n i t r o a n i -
l i u e s ,  4  ch lo ro -3 -i i t r o a n i l in e ,  2 :4 -d in itr o a iill i i> o l and £ - n i t r o -  
a n il iu e - j i- s u i  phonic a o ld . The e a r l i e r  members o f  t h i s  s e r ie s  
a tta ck ed  th e  2 - p o s l t i o n s ,  arid th e  la t e r  a ttaok ed  th e  4 -p o s it io n s  
to  a dom inating e x te n t .  I t  i s  seen th a t th e  diasonlum  s a l t s  
o f  t i l l s  s e r ie s  c o n s t i tu t e  a  s e r ie s  o f  in c r e a s in g ly  en er g e tio  
k a tio n s  from th e  e a r l i e r  to  tho la t e r  members, and bei.oe Lapworth 
and Robinson have su ggested  th a t  th e  degree o f  a c t iv a t io n  in  
p o s it io n  4 -  i s  sm a ller  than in  p o s it io n  2 - ,  but th a t tho froquonqr 
o f  a c t iv a t io n  in  4 — i s  g r e a te r  than th a t in  2 - .  The more 
e n e r g e t io  k a tio n s  oan take advantage o f  th e  p o s it io n  having th o  
h ig h e r  frequency o f  a c t iv a t io n .  Bromine whioh i s  undoubtedly  
a  more e n e r g e tic  k a tio n o id  re -a g en t than n i t r i c  a c id  would th er e ­
fo r e  be exp ected , accord in g  to  t h i s  ex p la n a tio n , to  bo a  more
S o x CM3
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p o w erfu lly  para seek in g  re -a g en t than n i t r i c  a c id , as in  f a c t  I t  
i s .
The above h y p o th e s is  has been ap p lied  to  th e  case  o f  4 -a o o -  
tan id o  d ip h en y l, whioh on b ro a in a tlo n  g iv e s  th* 4 * - d e r iv a t iv e ,  
w h ils t  n itr a t io n  g iv e s  th e  3 -n ltr o  d e r iv a t iv e  (Kenyon and P.H. 
R obinson, ±  ,1 9 2 6 ,3 0 6 0 ). Because o f  t h i s ,  8 * 1 1 ^ 1 9 3 1 ,2 3 3 9 ,^ )
h as su ggested  th a t p o s it io n  4 ' -  m ight have a  h ig h er  frequeney  
and low er degree o f  a o t iv a t io n  than p o s it io n  3 - .  o th er  d evelop ­
ments o f  the e le c tr o n ic  th eory , m ainly due to  Robinson, have le d  
to  th e  id ea  th a t  a  s h i f t  o f  e le c tr o n s ,  or f i e l d  e f f e o t  i s  n o t  
s u f f i c i e n t  to  oause s u b s t itu t io n , but th a t an a c tu a l increm ent o f  
e le c tr o n s  on a  carbon atom i s  n ece ssa r y . U n lik e  th e  in d u o tiv o  
e f f e o t ,  t h i s  e f f e o t  i s  regarded a s  being temporary in  n a tu re , 
a r is in g  a t  th e c a l l  o f  th e  r e -a g e n t . T his seoond type o f  e l e c t ­
ron d isp lacem en t, termed e leo tro m er io  (B ) , o r  tautom erio (T ) ,  
ooours in  i t s  s im p le st  fora  in  th e  sa tu ra tio n  o f  o le f in o s  and in  
a d d it iv e  r e a c tio n s  o f  oarbonyl compounds. The s im p le s t  r sa o t io n  
in  th *  seoond c a se  i s  th e  oyanhydfao form ation o f  form aldehyde.
Lapworth has shown th a t  t h i s  typo o f  r e a c tio n  i s  e s s e n t ia l ly  duo 
to  th* attadk  o f  th e  carbon o f  a  oarbonyl group by a  oyan id ion , 
th e  p rooess being com pleted a s  shown below :-
t*ox
RgjC -  CN OH
OH
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l t  i s  c le a r  th a t  we must p o s tu la te  as an in term ed ia te  s ta g *  in  
th e  re a c tio n  th e  a o tu a l tr a n sfe r e n c e  o f  o le o tr o n s  from th e  
double bond to  th e  oxygon atom, g iv in g  th e  l a t t e r  a  n e g a tiv e  
ch arge , and th e  oarbon atom a p o s i t iv e  charge. Thus we have 
th e  fo llo w in g  sohoae (each  l in o  rep resen ts  two o le o tr o n s ) .
The p o s i t iv e  carbon, which has a  d e f ic ie n c y  o f  two o le o tr o n s  
w i l l  r e s to r e  i t s  o o te t  by,
(a )  r e v e r s in g  th e o r ig in a l  e lee tro m erio  charge 
or (b ) r e c e iv in g  e le c tr o n s  from an e t e r n a l  source -  in  t h i s  
ea se  from CS.
T his type o f  o f f e e t ,  (e le e tr o m e r io ) , co n v en ien tly  w r itte n
O'
RgC s o ,  i s  regarded by Robinson a s  n ecessa ry  to r  a r e a c tio n  to  
ta k e  p la o e . The in d u c tiv e  e f f e c t ,  though n o t s u f f i c i e n t  to  
cau se  r e a c tio n , can render th e e lee trom erio  o f fo o t  more probable  
in  one d ir e o t io n  than an oth er , e . g .  in  th e a d d itio n  o f  hydrogen 
bromide to  d e f i n e s ) -
CH.. - *  C1I =~CH -  fa i s  more l i k e l y  than CH« —9  GH~= Qi -  H
s *  s -  9  * s .  $ +
and hence th e B-bromo compound CIig.CHBr.CHa .B i s  formed.
The r e a c tio n s  o f  e th y len e  in d ic a te  th a t  i t  i s  an ionoid  in  
o h a ra e ter . I t  i s  r e a d ily  a tta ck ed  by h a lo g en s, n i t r io  a o id , 
and oth er k a tio n o id  re a g e n ts , but i s  u n a ffec ted  by suoh stro n g  
an ion oid  reagen ts a s  ammonia, Grignard r e a g e n ts , and am inos, 
liono* e th y len e  (and o le f in e s  in  gen era l) i s  an ion o id , and ob­
v io u s ly  benseue must bo p laoed  in  th e  same ca teg o ry . The e le c ­
tr o n ic  theory does n ot a ffo r d  much a s s is ta n c e  in  so lv in g  th e
I 1
or
1 3 .
q u e s t i o n  o f  t h e  c o n s t i t u t i o n  o f  t h e  b e n z e n e  m o l e c u l e ,  b u t
th e  th eo ry . Th® r in g  as a whole i s  th e r e fo r e  to  be regarded  
as a conjugated  e leo tro m er io  system , th e c h a r a c te r is t ic  o f  whioh 
i s  th a t  th e v a len cy  o f  th e  carbon atoms appears to  be e q u a lise d  
a lon g  th e  ch a in , th u s : -  C * C -  C C . Henoe w ith
a group such as -CH3 , e x e r tin g  a - I  e f f e o t ,  a -E e f f e o t  w i l l  be 
induced  accord ing to  th e  fo llo w in g  scheme. ( P i g . 3 ) .
Two a lte r n a t iv e  p ro ce sse s  a and b can tak e p la c e , a c t iv a t in g
o -  and p -  carbon atom s. With a group b elon gin g  to  the type  
th e  o p p o site  p ro ce ss  w i l l  occur ( f i g . 4 ) .
I f  a su b s t itu e n t  a ttach ed  to  th e  benzene r in g s  has lo n e  
p a ir s  o f  e ie o tr o n s , th e se  may come under th e in flu e n c e  o f  th e  
r in g  g iv in g  r i s e  to  a -E e f f e o t .  T his p ro ce ss  i s  i l lu s t r a t e d  
by f i g . 5 .  (Each l in e  rep resen ts  one e le c t r o n ) .
has an increm ent o f  two e ie o tr o n s . The o o te t  o f  e i e o t ­
rons w i l l  be r e s to r e d  by th e  tra n sferen ce  o f  two e ie o tr o n s  to  
Cg (a ) or a l t e r n a t iv e ly  by a s e r ie s  o f  changes to  ( b ) .  Hence 
and Cg r e c e iv e  temporary n e g a tiv e  charges and s u b s t itu t io n  
w i l l  take p la c e  in  th e se  p o s i t io n s .  T his p ro ce ss  ex p la in s  th e
o .-£ - d ir e c t in g  power o f  th e  h a lo g en s, in  s p it e  o f  th e ir  + 1  e f f e o t
^  See Note Page 6 .
assum ing th e Kekule form ula, f a c t s  are r e a d ily  in te r p r e te d  by
1/ II
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P ig . 3 P ig .4 P ig .5 .
S in oe tho h a logen s are S r S r  d ir e c t iv e  and s in c e  dipo c moments
o f  halogen s bensenes are in  th e  same d ir e o t io n  as th o se  o f  n itr o  
benzene, i t  must be assumed t lia t  e leo tro m er io  d isp lacem en ts can­
n o t be o th erw ise  than momentary. C on sid era tio n s o f  t h i s  typ e  
p o in t  to  I n g o ld 's  c o n te n tio n , th a t th ere  are two e f f e c t s ,  d i f f ­
eren t in  oh araoter , an in d u c tiv e  e f f e o t ,  whioh i s  perm anent, and 
an e lec tro m cr io  a f f e c t  whioh i s  temporary and probably e x c ite d  
by th e  e le c tr o n  sack in g  n ature o f  th e rea g en t.
Although th e  benzene r in g  g e n e r a lly  behaves as a  donor o f  
e le c tr o n s , i t  may a is o  e x h ib it  th e  o p p o s ite  e f f e o t s .  The 
K atlonoid  r e n o t iv i ty  o f  benzene i s  w ell i l lu s t r a t e d  by th e  o /p  
s u b s t itu t io n  o f  n itr o  benzene by n eg a tiv e  io n s .  The r e v e r sa l
o f  the u su a l e f f e c t s  i s  apparent i t  th ese  r e a c t io n s : -
% £ / ----------- \  OH /  \
j K .  y  - +  “ °z M * r  c l , jiejr, 1199, H ,  J48«
( 1901, 8444
X MCrHfo(B radley  k  Robinson J. ,1932,1254)
The am photeric m ture o f  benzene has a lso  been i l lu s t r a t e d  
in  a  recen t paper by G ritv e  & Hey (D.,1934, 1797) in  whioh i t  
i s  shown th a t sodium benzene diazot& te and ft—n itr o  a o e ta n il id e  
r e a c ts  w ith  an arom atic compound CtjHg.R, so th a t th e phenyl 
group undergoes s u b s t itu t io n  in v a r ia b ly  ortho  and para to  R 
ir r e s p e c t iv e  o f  th e  nature o f  ft. For t h i s  type o f  r e a c tio n  to  
tak e  p la c e  i t  i s  h ig h ly  probable th a t a tr a n s ie n t  form ation o f  
fr e e  phenyl r a d ic a ls  o ccu rs , the l a t t e r  b ein g  capable o f  a c t in g  
a s  a  p o te n t ia l  donor or a ccep tor  o f  e le c tr o n s .
Recent work o f  Sutton  has shown th a t a sm all permanent
th e  d if fe r e n c e s  in  d ip o le  moments 'between ooopounds Ugh5 -  1 , 
and Aik -  A (where AIM = t e r t ia r y  b u ty l -  chosen because th e  
sym m etrica lly  arranged m ethyl groups would be in  suoh a  p o s it io n  
th a t  t h e ir  in d iv id u a l d ip o le  moments can ce l eaoh oth er and henoe 
a measure o f  th e  d ip o le  between 3u -  A would bo a  tru e  in d io a tio n  
o f  th e  d ip o le  produced by A a lo n e ) .  T his d if fe r e n c e  would g iv e  
th e  d ip o le  moment produoed by th e  e leo trom erio  e f f e o t .  Some o f  
th e  r e s u l t s  are  ta b u la ted  b e lo w :-
1 5 .
e f f e o t  i s  a s s o c i a t e d  w i t h  t h e  e l e e t r o m e r i o  e f f e o t .  H o  f o u n d
I ja iA r -Y t L i M k r M M(Ar-X) -  u(Alk-A)
+0146 t .0 . 0 ■+ 0 • 45
! 0 -1 .2 6 -1 .2 9 + 0 .2 3
;nh2 + 1 .5 5 + 1 .2 3 + 0 .3 2
( 0 1 - 1 .5 6 - 2 .1 5 .59
CligUl - 2 .0 8 -2 .0 6 t o . o
(COOijj -2 .9 7 - 2 .7 9 -0 .1 8
|c o
f
- 3 .0 4 - 2 .7 6 -0 .2 8
\ 0 3 i -3 .8 9 —3 .4 6 - 0 .4 3
no. - 3 .9 3 - 3 .0 5 -0 . 8 8
I t  i s  to  be noted  th a t th e  top  fou r s u b s t itu e n ts  whioh arm
0 -  j>- d ir e c t iv e  g iv e  a  p o s i t iv e  d ifferen t:# , w h ils t  th e l a s t  fou r  
whioh are m- d ir e o t iv e  g iv e  a  n e g a tiv e  d if fe r e n o o . T his p er­
manent e f f e o t  a sa o o ia ted  w ith  th e  e leo tro m er io  e f f e o t  has been 
termed "mesomerio” by ln g o ld , who has co n v e n ie n tly  c l a s s i f i e d  
th e  e f f e c t s  in  th e bensene r in g . The permanent e f f e o t  i s  
a sa o o ia ted  w ith energy in s id e  th e m olecule and i s  a  p o la r is a t io n
1 6 .
Th* temporary e f f e c t  i s  a s so c ia te d  w ith  th e  energy o u ts id e  th e
m olecu le and i s  a  p o la r i s a b i l i t y .  T h is  i s  summed up below ;-
Gen. ln d u o tlv s (—» )Tautomerio { % ■ )
Energy in s id e  P o la r is a t io n  Xnduotive Mesomsrio
a d lso u le
Energy o u ts id e  f ' o la r i s a b i l i t y  Induotom erlo E leotrom erio
m oleoule
I t  i s  to  be observed a lso  th a t  In go ld  has ln trod uosd  a  
temporary e f f e o t  "Induotomerlo'' a s so c ia te d  w ith  th e gen era l 
In d u otive  e f f e o t .  Bowever, fo r  gen era l p u rp oses, i t  w i l l  bs 
s u f f i c i e n t  to  d iv id e  th e se  e f f o o t s  in to  two o la e s e s  o n ly : -  
In d u otive  (permanent) and E u-etrom erio (tem p orary).
The a o tu a l p ro o ess  o f  s u b s t itu t io n  h a b e e n  d escr ib ed  by
In gold  & Ingold  ( J . ,  1926, 1316 ). G en era lly , s u b s t itu t in g
rea g en ts  are  K ation oid  i . e .  th ey  w i l l  seek  n e g a tiv e  c e n tr e s .
I f  a  carbon atom in  th e  beusene r in g  has a  r e la t iv e ly  h igh  
e le o tr o n  d e n s ity  oompared w ith  th e  o th er  oarbon atom s, then  
th ere  w i l l  be a  p re lim in a ry  attachm ent o f  th e  K ation o id  p a r t o f  
th e  reagen t to  t h i s  p o in t  fo llow ed  by the e lim in a tio n  o f  a
sim p le m oleou le (HgO, liBr, e t c . , ) ,  aooordlng to  th e  fo llo w in g
-r
In the la t t e r  ca se , o f  cou rse, the reagent A x is  2  has a 
la rg e  p o s it iv e  charge.
StAiMAaY OF cr/CM v-lo
~tt\srJSut
E ffe c ts  may be propagated in  these d is t in c t  w ays:-
1* By a D irec t or F ie ld  e f f e o t ,  whioh f a l l s  o f f  as  
o/w)y.
2. In d u ctiv e ly  in  arom atic n u c le i ,  the e f f e c t  cen ter in g  
on o -  and p -  carbon atoms.
1 7 .
0^  and R eactiva tion  (+ I ) Off  and a c t iv a t io n  ( - 1 )
3 . By e lec trom cric  d isp lacem en ts. The group ii in ­
cr ea se s  i t s  covalency  with tLe nucleus and re­
s u lt in g  d isp lacem ents lead  to development o f  a 
n eg a tiv e  charge on Off  and £ -  carbon atoms.
These disp lacem ents are temporary in  nature but 
exceed in  magnitude th ose produced by ( 1 ) and ( 2 ) .
Q iH iyTiw  rohh.^ of AwiQi- p a n in .
S u b stitu en ts  have been con ven ien tly  c la s s i f i e d  by in go ld  
& Hhaw (J . ,1 9 2 7 ,2 9 1 8 ). S ta r tin g  from th e id ea  th at two e f fe c ts  
I and E are m ainly resp o n sib le  ;or d ir e c t  su b s t itu t io n , i t  has 
been found th a t any su b stitu e n t belongs to  one o f  the fo llo w in g  
four c la s s e s : -
i. Y * ~ j  2* 3 . 'ySti 4. fi
C lass 1, o f  which the methyl group i s  an e ample, favowrs 
o /p  s u b s t itu t io n , e . g . ,  h a logen ation  and n itr a t io n  o f  to lu en e .
C lass 2  favours m -su b stitu tio n . Grouph such as -NOg,
-NMe#, -COOH, f a i l  under t h i s  h ea lin g .
Most su b st itu e n ts  belong to the 3rd c la s s .  Iiere E and I 
e f f e c t s  are c o n f l ic t in g .  Hence th is  type o f group i s  o f  a
more com plicated nature. I t  i s  p o ss ib le  roa a study o f  
v e lo c i t y  o f rea ctio n  to co n stru ct a s e r ie s  o f  su b st itu e n ts  
having in creasin g  H I, and d e c r e a s in g + I e f f e c t s  e . g . ,
-  , . u *  )  -(h i. y- i  y  “ l t r  y  -.51  y  - ?  ( a  «  a i k y l )
-E decreases — )------------------------ >
+ 1  in creases —£---------------------------------------->
At a ce r ta in  p o in t in  th is  s e r ie s ,  th e v e io o ity  o f  re­
a c tio n  w i l l  become l e s s  than th a t o f  u n su b stitu ted  benzene, 
but o /p  su b s t itu t io n  w il l  continue to  take p la o e .
C lass 4 , i s  e s s e n t ia l ly  o /p  d ir e c t in g . Owing to  the  
In d u ctive and E leotrom erie e f f e c t s  both working in  the same 
d ir e c t io n , th ere i s  a  great a o tiv a tio n  o f  a l l  p o s it io n s  in  the 
r in g , th e phenoxide ion  being an example o f t h i s  typ e .
1 8 .
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u .  c n ; 'i> i ' * u a m *  a p p lik i; to  N in iT ii a l in e .
A C on figu ration .
Several c o n s t itu t io n s  /or  the naphthalene m olecule have 
been put forward. Formulae o the c e a tr io  type (1  & 11) can 
have no meaning in  the l ig h t  o f modern e le c tr o n ic  id ea s . Of 
th e  two formulae (111 & IV) th e former due to  Brlenmeyer i s
r
g e n e r a lly  accep ted .
^  <  1
M N^mber^er?l
/ ' x
(IV)
nfl enme^er
(1 ) (1 1 ) (1 1 1 )
T liis stru ctu re  ex p la in s  the e JLstence o f two and two on ly  mono- 
su b stitu te d  products e .g .,e x -  and ^ -n aph th ols; and / i - n&phthyl*
am ines. Formula (IV) would require four isom eric m ono-substi- 
tu ted  d e r iv a t iv e s . however, the p o s s ib i l i t y  o f FtHHL in te r -
change between (111> and (XV) should be borne in  mind as th is  
would a lso  exp la in  the e x is te n c e  o f on ly  two m onosubstitution  
p rod u cts.
Stereochem ical co n sid era tio n s have been applied  by M ills  
and Nixon (*l. ,1930,2520) to th e case o f  tetrahydro naphthalene.
■ N X
fk
/
HO ^
L?l Ml
%
£
rt©
rf
H,
( V ) ( V I ) ( V I I )
 1
2 0.
s ta r t in g  ronn th e  id ea  th at the angle ^  between two s in g ly  
bound oarbona i s  o f  tho order 109° ( i . e .  th e angle a t the  
cen tre  o f a regu lar  te tra h ed ro n ), then angle (J (V) i s  o f the  
order 125°, assuming th a t the benzene rin g  i s  a  regular hexa­
gon. Owing to  th e  presence o f  th e double bond t h is  deduction  
may not be oorreot but i t  i s  re sonable to  assume that * . 
Hence the ou ter va ien oy  bonds o the carbon atoms are not pro­
lo n g a tio n s  o f the axes (th e  in te r n a l angle o f  the rin g  being  
1 2 0 ° ) .  W riting th e two a lte r n a t iv e  formulae for  tetr&hydro 
naphthalene (VI) and (V ll)  i t  i s  seen th at the former corres­
ponds with a co n fig u ra tio n  o f  l e a s t  s tr a in , s in c e  th is  s tru c­
tu re  requ ires an in te r n a l angle f i  corresponding more c lo s e ly  
w ith the in tern a l angle 1 2 0 ° o f  a regular hexagon, than stru c­
tu re  (V ll)  in  whioh the in te r n a l angle ex' d i f f e r s  from 120° more 
than p .  T ills con clu sion  has been borne out by experim ental 
ev id en ce, s in ce  su b s t itu t io n  o f  tetrahydro a o e to -2 -n aphthalide  
and te tra h y  r o - 2 -naphthol r e s u lt s  in  1 -  su b s t itu t io n . The 
unsym m etnoal s tru ctu re  would require 3 - su b s t itu t io n  ( V l l ) .
S inoe tetrahydro naphthalene has been shown to  e x is t  in  the  
symmetrical form, i t  i s  reasonable to  suppose th a t naphthalene 
i t s e l f  la r g e ly  e x i s t s  in  the symmetrical form. However,
Thompson ( J ♦ oo . Chem.ind. .1 9 3 3 .5 2 .6 1 ) p o in ts  out th a t owing to 
th e  Tacts th a t hydrogen i s  sm aller than carbon, and the d ista n c e  
between doubly bound carbon atoms i s  sh orter than th at between 
s in g ly  bound carbons, a  va len cy  angle o f  type p  in  stru ctu re  
would tend to  be larger  than 1 2 0 °  when in  an unstra ined  condition . 
C onsequently he has argued th a t the unsymmetrie&l phase i s  in  a  
co n d itio n  o f  l e s s  s tr a in  than th e sym m etrical, but although the
3 1 .
l a t t e r  form doe** b est exp la in  the rea ctio n s o f  naphthalene, i t s  
e x is te n c e  i s  to  be re la ted  to  the strong tenderoy o f both r in gs  
to  p o ssess  aii arom atic s tru c tu r e , rather than to  s t e r ic  fa c to r s .  
T herefore e i th e r  on M ills  & N ixon’ s or Thompson’ s view , naph­
th a len e  should e x i s t  la r g e ly  ir  the symmetrical form,
T e  few p h y s ica l measurements which have been made on napb- 
fchale e have thrown some l ig h t  on i t s  s tr u c tu r e . In tra-m ole­
cu la r  d ista n ces  between adjacent car .on atoms in  the m olecule  
have been determined by X-ray measurements by Robertson (Prop. 
iio y ;  0 <?» .1933. (A) ,^£2,674) and the value 1.41A for  the 0 -0  
lin k a g e  corresponds to an arom atic s tru c tu r e . Robertson has 
a ls o  e s ta b lish e d  th a t th e naphthalene system forms a f l a t  r ig id  
m olecu le , a con clu sion  which has been supported by i t s  zero  
d ip o le  moment. The fo llo w in g  data are taken from Trai s .  Farad. 
S oc. .1934 .30 . Appendix, page XXX).
Tlie d isc u ss io n  on the d ip o le  moments o f  d ioh lor-nap h th alenes  
( ib id .887) su p p lie s  fu rh ter inform ation on the c o n s t itu t io n  o f  
th e  naphthalene m olecule. The zero d ip o le  moments o f 1 :5 -  a id  
2 : 6 -diohloronaphth& leues in d ic a te  the naphthalene system to be 
p lau ar and not fo ld ed . Absorption sp ectra  o f  naphthalene have
'investigator.-? —18jy.. ( 1 0  e . s . u . )
W illiam s. (PhYBih.Z. .29.2041S3BX
h i l l  ams & Ogg (3 ..uxor.Chem.soo. .50 .94 )
P a r t s . ( Z.nl vsik.Chem.jK j£ .264)
T .illiam s & Fogelberg (J.Amer.Chem. >oc. 53 ,3P96) 
P u oh alio . (Phys in .  Z. . 33 ,341)
B r ie g lie b  ( Z.p) vsih.OheuuB.1 6 .3 7 6 )
0 .6 9
0 .7 2
0
0
0
0 .4 4  -  0 .0 5
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been in v e s tig a te d  by Morton & de Gouveia (£ .,1 9 3 4 ,9 2 4 )  and i t  
i s  found th at two maxima ooour in  the absorption  bands corres­
ponding to  an e th y len io  linkage C ■ C -  C :  C, and to  the 
chromophore C g H g -  C  *  C  - .
The p e r i-p o s it io n s  in naphthalene are o f  in te r e s t  in  th a t  
th ey  are somewhat analogous to  ortho p o s it io n s  in  the benxene 
r in g . That th ese p o s it io n s  are near to  each oth er i s  i l l u s t r a t ­
ed by the ease o f condensation o f groups in  the 1 : 8  p o s it io n s  
to  form rin g  system s such as the form ation o f naphthalio  anhyd­
r id e  from 1 : 8  n aphthaiio  acid  and the ready form ation o f naph­
th a le n e - 1 : 8 -su lto n e  ( 1 a) from 1 : 8 -hydroxy-naphthalene sulphonio  
acid  ( V l l l ) . (Gumming & Muir, uourtuof the iioy.Glasgow Tech.
The p er i p o s it io n s  are a lso  near enough to  a llow  o f  
r e s tr ic te d  ro ta tio n  o f  groups s u f f i c ie n t ly  la rg e  in  th ese  
p o s it io n s ,  and the consequent e x h ib it io n  o f  o p tic a l a c t iv i t y .  
Evidence o f  o p t ic a l a c t iv i ty  ex h ib ited  by compounds ( a ) and ( , i l )  
has been obtained by M ills  & E l l i o t t  (£ .,1 9 2 8 ,1 2 9 1 ) fluid M ills  & 
Breokenbridge (J .,1 9 3 2 ,° :2 0 9 ).
(XI)
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In the la t t e r  ca se , the corresponding HiK* dimethyl d er i­
v a t iv e  was not a c t iv e ,  in d ic a t in g  th a t the 1 : 8  p o s it io n s  in
naphthalene are not s u f f i c i e n t ly  near fo r  the r e s t r ic t io n  o f  
ro ta tio n  round a sm all group l ik e  m ethyl.
That the 1 :8 -  p o s it io n s  a llow  o f con sid erab le  In tera c tio n  
has been furn ished  by d ip o le  moment measurements o f  1 :3 -  d i -  
ohlom&phth&lene (Krans.Farad. >oo. .  l o o . s i t . ) .  This va lue l ik e  
th a t o f  l : 2 -d ioh loraap h th alen e has been found to  be sm aller than  
th a t ca lcu la ted  on th e b a s is  o f  n o n -in ter feren ce  between the  
ch lo r in e  group.
Further ev idence fo r  th e nearness o f  th e p e r i-p o s it io n s  has  
been furnished by a study o f  m igration  rea ctio n s in  l : 8-a a in o -  
naph th ol. Fr< m in v e s t ig a t io n s  o f  the m igration o f acyl groups 
in  ortho amino p h en o ls , B e ll (£ .,1 9 3 1 ,2 3 4 6 ,2 9 6 4 ) has suggested  
th a t h y d ro ly tic  m igration  in v o lv es  the in term ediate form ation o f  
compounds o f the benzox&zole type (£ 1 1 1 ) ,(XV), e .g .  in  the  
interchange o f  2 -acetam idophenyl benzoate (A ll)  to  2 -ben z ami do- 
phenyl a ce ta te  (XVI).
1
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Although such compounds (X111),(X1V) and (XV), were not 
i s o la t e d ,  probably owing to  th e ir  u n stab le  n atu re , s u f f ic ie n t  
experim ental evidence was obtained  o f  th e ir  e x is te n c e .
S im ila r  e .periments on the m igration o f acy l groups in  1 :8 -  
amino n&phthol have provided in d ic a t io n s  o f the s ta b le  e x is te n c e  
o f  an oxazole typ e . Contrary to  the statem ent o f  jia iford
2 4 .
( J . .Anter.C! om.Soo. .1926 .48 .483) i t  has boon found th a t a o e ty -  
la t iu n  o f l-bensam ino-8 -naphthol (XVII) gave a d if fe r e n t  pro­
duct from th a t obtained  by the bensoylatiori o f  l -a o e ta o in o -3 -  
napl.thol ( X1 + ,  s in c e  a mixture o f ( .W ill)  and (XX) produced a 
la rg e  dep ression  in  m eltin g  p o in t (although th e ir  in d iv id u a l
m eltin g  p o in ts  were alm ost th e same). 
NJt&z 9H Sff Jfiff
y Y r
\ A  y
(Wll) (XVIU)
A l /
V
"! l-A oetam ino-8 -naphthyl benzoate (XXI) was p a r t ia l ly  con-■ £ ■i ' '.
v er ted  b y  m elting  to  an isom eric compound which i t  i s  suggested  
has the c o n s t itu t io n  represented  by (XXII), s in c e  i t  gave la rg e  
d ep ression s in  m elting p o in t w ith (XVII), (XV111), (XIX) and (XX). 
sCcC*i
SX1)
I t  seems th ere fo re  th at th e p e r i-p o s it io n s  in  naphthalene
favour the form ation o f  a s ta b le  s ix  member oxaso le  ring  system ,
■Y.:
whereas in  the case  of benzene such a f iv e  member©'1 system  
appears to be u n stab le  
B. A ctive  Phases o f Naphthalene.
The vigour w ith which naphthalene undergoes m onosubstitution  
in  th e o/— p o s it io n s  shows th a t ti i s  p o s it io n  i s  h ig h ly  a c t iv a te d .  
A r e a c t iv e  phase must th erefo re  be p ostu la ted  to  aooount fo r  
th e  much grea ter  r e a c t iv i t y  o f the g -  than the f i -  p o s it io n .
The naphthalene m olecule can be regarded as a combination o f
two benzene r in g s , the amphoteric nature o f whioh has been 
d iscu ssed  (pages 6  & 7 ) .  At the moment o f su b s t itu t io n  one 
rin g  (B) may be a c t in g  as an e lec tro n  a ttr a c to r , g iv in g  r i s e ,  
by an e lec trom eric  p ro ce ss , to  a o tiv a tio n  o f  th e p o s it io n  in  
ring  A, Comparison with the case o f diphenyl would in d ica te
th a t t h i s  exp lanation  i s  not e n t ir e ly  s a t is fa c to r y . A s im ila r
mechanism in  th is  case  would requ ire aome su b s t itu t io n  to  occur
in  the 3 -  p o s it io n , whioh i s  not re a lize d  exp erim en ta lly .
however, re erenoe to  d ip o le  momfnt measurements o f l : 3 -d ic h lo r -
and l:4 -d la h lo r -n * p h th a len e , (Trans.Farad. ^oo. XXX. 887). appears
to  support t h is  v iew . The experim ental v a lu es are found to  be
la rg er  than the th e o r e t ic a l ,  ca lcu la ted  on the assumption th a t
the naphthalene m oleoule i s  p lanar and th at the d ip o le  moment o f
— 1 Aal-chlom aphth& lene i s  1 .59  x  10 AOe . s .u .  and th at o f the fi- 
isom er i s  1 .72  x  1 0 ~ l^ e .s .u . (F a r ts , 2 . ; hvsik .C h. 1930 .108.2 6 4 ). 
This d iffe r e n c e  -  1 . 8 , ^ ^  * 1 .6 y i i ; 4  * 0 .5 ,J ioa lo  *
0 . 0  x 1 0 ~ ^ e . s . u . )  has been a ttr ib u te d  by h e issb e r g e r , fingewald  
<k Hampson ( Trans.Farad..ioo. l o o . c i t .  > to  a a ia l l  component o f  
1 o ia r is io n  o f the order (0 .2 )  as shown in  (X X lll)  and (XXIV).
Assuming th s v a lu e , the ca lcu la ted  v a lu es  w i l l  then agree 
c lo s e ly  w ith  th e experim ental
(1 1 )
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.Aii a lte r n a t iv e  view  i s  to regard naphthalene as a d e r iv a tiv e  
o f  s ty ren e . As i s  w ell known, an eth y l oneo s id e  chair* i s  power­
f u l ly  jo- and j>- a c t iv a t in g , the su b s t itu t io n  o f cinnamic a c id , 
for  example, proceeds ortho and para, in  s p ite  of the d e a c ti­
v a tin g  im iu en o e  o f the carbonyl group. However, to  regard -  
su b s t itu t io n  in  naphthalene as be lug the r e s u lt  o f an a c t iv a t io n  
by an ethenoid  system , i t  i s  necessary to  p o stu la te  an in te r -  
me ia te  unsym&etrioal phase. The e lectrom eric  oh&nge "a" in  
(\XV) may g iv e  r is e  to  a temporary tautom eric unsymmetrioal 
m o d ifica tion  (AaVI) whioh q*± then a llow  of su b st itu t io n  in  the  
o ( -  p o s it ic  ( A m i ) ;  the r e su lt in g  su b stitu te d  d e r iv a t iv e  then 
rev ertin g  to  the o r ig in a l symmetrical s tru c tu r e . ( u W l l l ) .  £
\  \ y \ y  v
(XkV) '*• (XXVI) (X iV ll) (AXVlll)
The fa m ilia r  conjugate ad d ition  o f bromine to  butadiene
i s  somewhat s im ila r , on ly  here the conjugated system has been
d estroyed , whereas in  th e  case  o f  naphthalene, the double bonds
are free  to  revert to  th e ir  former p o s it io n s .
 "J.
Oh2  = 01  -  Oh « Oi»2 3rd  2  -  0 1 . * Oh. 01  g .B r.
This explanation  i s  more in harmony with the s im ila r  one 
for  d ip h en yl, the rt a c t iv e  phase « f  which may be represented by 
( 3 d X ) .  Tliis phase requ ires m onosubstitutior to  occur in the 
2 and 4 p o s it io n s ,  whioh does in  fa c t  take p la c e , ( d e l l ,  Kenyon 
& Robinson d,. ,19 3 6 ,1 2 3 9 )(S n e ll  4  Turner ± .  ,1 9 2 9 ,4 9 1 ).
(  A . \  I A )
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The p o s s ib i l i t y  o f  tautom eric forms may be applied  to mono­
su b st itu te d  d e r iv a t iv e s , but here com plications a r is e  because 
in stea d  o f  th e two p o s s ib le  forms as in  u n su b stitu ted  naphthalene^ 
th ere  are now th r e e . Experim ental ev id en ce, however, eai d ecide  
which o f  th ese two forms are l ik e ly  or not l i k e ly ,  to  e x i s t .
The l e a s t  com pioated  case i s  th a t o f e f-n itro  naphthalene, where 
the n itr o  group i s  p ow erfu lly  d e a c tiv a tin g . The fu rth er
n itr a t io n  o f th is  substance occurs in  the unoccupied r in g , ai d 
1 :5 -  and 1 :8 -  d m itr o  d e r iv a tiv e s  are formed, in  approxim ately  
equal amounts. (F r ied la n d er .B er. .1 8 9 9 .3 3 .3 5 3 1 ).
*°L ™>2.
X
rt
I f  ti e u ^ symmetrical fora  ( AX&l) i s  capable o f  being pro­
duced as the res i t  o f t h e + 6  e f f e o t  a r is in g  from th e m itre
group ( *» X a), the; i t  i i  j t be e pected  that in  s p ite  o f  the d e-
(\XXa) (XXAl)
r fton
a c t iv a t in g  e f f e c t  o f  the n itr o  group, a cer ta in  amount o f i- s u b -  
s t i t u t io n  should take p la c e , owing to the powerful ethenoid  
e f f e c t  a t th is  p o s it io n . This phase must th ere fo re  be r e je c te d  
on experim ental grounds.
The phase ( \XX11), although capable cf ex p la in in g  h e tero -
(XXXb) (xxx/i)
n u c lear  su b s t itu t io n , i s  improbable owing to t h is  being formed 
op p osition  to  th e  f  8  e f f e o t  o f the n itr e  group ( &£b ).
T herefore on th e o r e t ic a l  and experim ental grounds, < /-n itro  naph­
th a len e must be regar i,ed as having a fix ed  symmetrical stru ctu re . 
On th is  b a s is ,  5 -  an-; 8 -  su b s t itu t io n  must be regarded as due to
an ethenoid  e f f e o t  (b  or o) a r is in g  from the 
a ttr a c tio n  o f e lec tro n s  (a ) by the rin g  con ta in ing  
the in tr o  group. These con sid era tion s apply a lso  
naphthalene.
Bromination and ch lo r in a tio n  o f l - n i t r o  naphthalene follow 
a s im ila r  oourse to  n itr a t io n  (flu ar*soh i.Ann. .1 8 8 4 .222.291: 
bllmatm & Consomio,Ber. ,1902 ,35 ,2807; Sohettfelen , Ann. ,1885,
1 8 5 ).
Groups o f a s im ila r  type to  the i i t r o  (+E)t ^ t b  the oarboxy 
and sulphonie ac id  groups. S u b stitu tio n  rea ctio n s o f naphthoic 
and naphthalene su lphonie a c id s  are comparable to  those o f n itr o  
naphthalene, although in  the la t t e r  ca se , a su lphonie acid  group 
in  the a -  p o s it io n  has a tendency to  be replaced  by the su b sti­
tu tin g  group. IK erkhoff. d ec . Trav. Ohim.,1 9 3 2 .5 1 ,7 3 9 ; Zelkind & 
B elikov,L ier. ,1 9 3 1 ,^ ^ ,9 5 5 ) . N itr a tio n  and halogeu ation  o f d<- 
naphthoic a c id  furn ish  th e 5 -  and 8 -  d er iv a tiv es ,(E k str a n d .J .p r . 
Chem. (2 )1 8 8 8 .3 8 .1 3 9 .1 5 5 .3 8 : B ale & B arnett ^ .,1 9 3 2 ,1 7 7 : Kerk- 
h o f f . l o o . o i t ) . Bromination o f 2 - naphthalene sulphonio a c id  
(Z elkind & B elik o v . l o c . o i t .> i s  a lso  heteronucie& r, ocouring in  
th e 5 - and 8-  p o s it io n s .
A compound more c lo s e ly  analogous to  naphthalene than d i­
phenyl, i s  o -  diphenylene whioh was d iscovered  by Bobbie, Fox & 
Gauge (£ .,1 9 1 1 ,1 6 1 7 ) . On the b a s is  th a t the benzene r in gs are 
regular hexagons and th a t the four membered system between them 
i s  a square then L s ,p ,q ,r  are 12n°900, and 150°r e sp e c t iv e ly  (XXXVI)
2 8 .
2 9 .
Owing to  the con sid erab le  d is to r t io n  produced, however, t h is  
deduction i s  u n lik e ly  to  be accu rate , but i t  i s  reasonable to  
assume th at r )p )q . On M ills '  & M xon 's v iew , a con figu ration  
o f l e a s t  s tr a in  should 'be th a t in d icated  by (XXXIV) (<* o f the  
order 109° and p o f the order 1P 5°). The con figu ra tion  repre­
sen ted  by (XAW) would be out o f harmony w ith the view s o f Thomp­
son (page^o) and adopting the argumeiits o f t h i s  author, o .-d i-  
phenylene should be capable o f  e x is t in g  as an equilibrium  m ixture 
o f  (\XX111) and (XXXIV) and which would correspond r e sp e c t iv e ly  
with tlie symmetrical and unsym aetrioal phases o f  naphthalene.
I t  seemed o f importance to  compare the p ro p ertie s  o f  dipheny- 
le n e  with th ose o f naphthalene, but u n fortu n ately  i t  has not 
proved p o s s ib le  to  prepare t h is  hydrocarbon. The method o f  
Dobbie, Fox & Gauge ( l o o . c i t . )  proved to  be u n su itab le  fo r  the  
preparation  o f diphenylene in  s u f f ic ie n t  amount, owing to  the  
poor y ie ld s  o f 2 : 2 ' -d iam ino- and 2 : 2 '-dibrom odiphenyl.
* C A -  0 0 - 0 0 - 0 0
An a lte r n a t iv e  method o f  preparation , by the e lim in a tio n  
o f  io d in e  from jo-d i-iodobensene by means o f  tlie Grignard rea ctio n  
gave a hydrocarbon, m.p. 189 -  192°, whioh was probably impure 
9: lO-benaphen&nthrene (d escr ib ed  by Maanioh. 3er .1 9 ^ .10 .160:
Schmidt & Sohult z .Annalen. 1880. 308.135 . who record m.p. 1 9 6 °).
iie e e n tly , k & soarelli & t fa t t i  ( G azzetta 1 9 3 3 ,63 . 654-66f) .6 6 1 -  
665) have a lso  attem pted to  ob ta in  o-d iph en ylen e. Employing 
B obbie, Fox & Gauge's method ( l o o . c i t . )  they fin d  th a t 2 :2 * -d i-  
bromo-diphenyl i s  u n a ffected  by sodium in  e th e r . N egative  
r e s u lt s  were a ls o  obtained with 2 : 2 #-d io h lo r o -  and 2 : 2 , -d i- io d o  
d ip h en yl, and th e  Ellmenn rea ctio n  upon u-bromo-iodobenzene 
gave diphenylene ox id e .
The Anionoid l ie a c t iv ity  o f Naphthalene -  Chemical Evidenoe 
fo r  Xvraaetrieal stru ctu re .
The ease w ith  whioh naphthalene undergoes su b s t itu t io n  
in d ic a te s  th a t i t  i s  p ow erfu lly  anionoid -  fa r  more so than ben­
zen e, whioh undergoes s u b s t itu t io n  with d i f f i c u l t y .  T his i s  
to  be a ttr ib u te d  to  the op eration  o f mechanisms which have been 
d iscu ssed  in  the p rev iou s s e c t io n . Further i l lu s t r a t io n s  o f  
e lec tro n  a ccess io n  in  the naphthalene m olecule are to  be fouud 
in  the ease  w ith  which the d iazo hydroxides o f n itr o  naphthy- 
1 amines undergo in te r n a l d iazo -ox id e  form ati n in  aqueous so lu ­
t io n .  Thus, Morgan & Evens (£ .  ,1919,jyy>, 1127) have desoribed  
th e preparation  o f  4 -n itro -l-n a p h th a len e  d ia zo -2 -o x id e  (XXXV11) 
from 2 :4-d iik itro -l-ijap h th y lam in e.
(m olecu les ) 
(d i- io d o .
from th ree
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I t  has now been found th at 1 :6 :8 - t r i n i tro-2-naphtLylam ine 
(XXXVlll) undergoes easy  i  te r a a l d iazo oxide formation (XXXlX), 
and th a t l ik e  compound ( vXXVll) i t  i s  s ta b le , g iv e s  an in ten se  
blue co lou ration  w ith a lk a lin e  r e so r c in o l, and i s  slow ly  reduced 
by b o ilin g  a lc o h o l.
hfQ 
(XXXV111
The mechanism o f  t h is  type o f reaotion  must depend upon the 
ease with >duoh the n itr o  group adjacent to th e . ammo group can 
take up e le c tr o n s  and leave th e m olecule in  the form o f n itro u s  
a c id . Morgan & Evens ( l o e . o i t . ) have shown th at n itr o  amines 
o f  th e benzene s e r ie s  do not undergo in tern a l diazo oxid e forma­
t io n .  hence in  the naphthalene m olecule there must be fa c to rs  
p r e se n t, enab ling f a c i l e  e le c tr o n  a c c e ss io n , whioh are absent 
in  enzene. The f i r s t  fa c to r  may be due to  an e f f e c t  (b ) a r is ­
ing from one r in g  to  th e o th er , and the seoond fa c to r , whioh i s  
regarded as being more im portant, i s  due to  the f ix ed  double 
bond between th e n itr o  and amino groups g iv in g  r is e  to  th e e le c ­
trom eric mechanisms
wi
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The mechanism (b) i s ,  o f  course, absent in  th e benzene 
s e r ie s ,  and th e mechanism (a ) in  benzene can on ly take p la ce  to  
a small ex ten t owing to  the freedom o f the double bonds to  o s -  
c i i l a t e  in  th e benzene n u c leu s. The f ix a t io n  o f the double bond 
between th e amino and the n itr o  groups, g iv in g  r is e  to  the  
n e u tr a lise d  eleotrom erio  system  KG -  N C N =M) i s
regarded as being the main fa c to r  causing in tern a l d iaso oxide  
form atlor. On th e b a s is  o f  t h i s  argument i t  would be expeoted  
th a t 3-n itro-2-naphthylam ine (XL11) would not g iv e  r is e  to  an 
in te r n a l d iaso  o x id e , owing to the arrangement o f the double
, / x  , ,
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However, no convenient method lo r  the preparation  o f  t h is  
compound has been found. N ev erth e less , t h is  argument can be 
ap p lied  to  the oases o f 1-bromo- and 3-bromo-2-naphthy 1 amines 
( liL I ll)  and (XL1V). Both th ese  compounds show a marked d i f f e r ­
ence in  p h y sica l a id  in  some chem ical p r o p e r t ie s . l-Brom o-2 -  
n&phthylamine has m.p. 63°, i s  e a s i ly  so lu b le  in  o d d  benzene 
and v o la t i l e  in  steam. On tlie other hand 3-brom o-2-naphthyl- 
amine (whioh can now be con ven ien tly  prepared), has m.p. 172°, 
i s  sp arin g ly  so lu b le  in  co ld  benzene, and n o n -v o la t ile  in  steam. 
T his d iffe r e n c e  o f  p h ysioa l p ro p ertie s  su g gests  th at th e 1 -bromo 
compound i s  c h e la te d , w h ils t  the 3-broaio- compound i s  e ith e r  
fe e b ly  or riot ch e la ted .
I t  has been observed by B e ll  (£ .,1 9 2 9 ,2 7 8 7 ; 1930,1072;
1931,2345) th a t some amines having bromine or n itr o  groups ortho  
to  amino undergo f a c i l e  d isu lphonam ilide form ation, but even
w ith  two m olecular proportions o f  sulphonyl ch lo r id e , the y ie ld  
o f  d isu lp h on m u lid e  i s  not q u a n tit iv e , showing th a t the v e lo c i ty  
with whioh the la t t e r  i s  formed must be high compared with the  
v e lo c i t y  o f form ation o f  the m onosulphonanilide. Moreover, 
amines which show t h is  type o f  behaviour oannot be a o ety la ted  
with a c e t ic  anhydride a lo n e . A cety la tion  w i l l  on ly  take p la ce  
in  th e presence o f  a o id . These p ecu lia r itie s  have been a s s o c ia t ­
ed b y  B e ll  ( l o o . c i t . )  to  the presenoe o f  a c h e la te  rin g  (e.g.ALV) 
and the v e lo c i ty  o f  d isu lp h on au ilid e  formation i s  a ttr ib u te d  to  
the tendency o f th e imino hydrogen atom to  io n is e ,  and t h is  in  
turn depe.ids on the e lec tro n  absorbing power o f  groups such as 
SO2 , Br, adjacent to  i t .
The rea ctio n s  described  above have now been applied  to  1 -  
bromo- and 3-bromo-2-uaphthylamines and a marked d iffe r e n c e  in  
behaviour has been observed. The former amine can be recovered  
unchanged from b o ilin g  sscetic  anhydride but a o e ty la te s  re a d ily  
i f  a small q u an tity  o f oonoentrated su lphuric acid  be p rese n t.
On the other hand, 3-bromo-2-naphthylamine i s  a o ety la ted  by 
a c e t ic  anhydride a lon e , no aoid  being n ecessary . There can be 
no doubt th ere fo re  th a t th e  f i r s t  amine i s  ch ela ted  and the  
second e ith e r  fe e b ly  or not ch e la ted .
3-Bromo-2-naphthyl amine, with one m olecular proportion  o f  
sulphonyl ch lo r id e  in  p y r id in e , gave on ly  th© mono a n ilid e  
(XLV1), whereas, under the same conditions l-bromo-2-naphthylamin©  
gave a mixture o f mono- and di-gulphonani l id o s  (XLV11) and ( ALHB)
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T his d iffe r e n c e  in  p ro p ertie s  must be due to th e  f ix ed  
arrangement o f the double bonds in  th e  m oieoule. No other  
reason fo r  t h is  d iffe r e n c e  appears to  be p o s s ib le .  I t  seems 
th a t a double bond can f a c i l i t a t e  ohol& tion between bromine 
and amino hydrogen, and th a t t h e  stren gth  o f such c h e la tio n  
depends on e lec tro n  a c c e ss io n  towards th e bromine atom, as 
shown below:-
The powerful in d u ctiv e  e f f e o t  o f the bromine atom causes  
& d ep le tio n  o f e le c tr o n s  on the carbon atom to  whioh i t  i s  
attach ed , and t h is  d ep le tio n  may be made up by an eleetrom erio  
tr a n sfe r  o f  the lon e p a ir  o f  e le c tr o n s  from the n itrogen  atom. 
The r e su lta n t  development o f a u n it  n eg a tiv e  charge between 
carbon and bromine w i l l  tlien f a c i l i t a t e  c h e la tio n . Provided  
th a t th e  ch e la te  r in g  can be broken down, t h is  mechanism w i l l  
a lso  exp la in  the d isu lp h o n a n ilid e  form ation exh ib ited  by 1 -  
bromo-2-naphthyiamine. E lectron  recess io n  from the n itrogen
atom w i l l  aid  th e io n is a t io n  o f the amino hydrogen atoms.
A  th ird  c h a r a c te r is t ic  can be exp la ined  on t h is  b a s is , 
and th a t i s  the ease with which a halogen atom occupying the  
1 -  p o s it io n  in  brominated fJ-naphtliols and (>-naphthylamines i s  
replaced  by hydrogen. deduction o f  suck compounds has been
S,8r
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shown by Franseu &  +tt& ble ( o  . .pr.Chem. 1920. (2 ) .101 .58  -  74; 
1921,103 ,352) to  r e s u lt  in  removal o f halogen in  p o s it io n  1 -  
other halogens being u n a ffeo ted . I t  has now been found th a t  
1 : 3-dibrom o-2-naphthy laaune under tlie same co n d itio n s i s  con­
verted  to  the 3-broao d e r iv a tiv e :  -
I t  i s  th erefo re  apparent tiia t the bromine atom in  p o s it io n
1 -  i s  held  more lo o s e ly  than bromine atoms in  other p o s it io n s .  
During the p rocess o f  red u otion , the bromine atom must leave  
the m olecule w ith i t s  f u l l  o c te t  o f e le o tr o n s , i .e .n e g a t iv e ly  
charged. E lectron  a cc ess io n  to tlie halogen must be p a r tly  due 
to  the e le c tr o n  donating power o f the amino group; but s in ce  
bromine in  p o s it io n  3 -  i s  u n a ffec ted , the double bond mechanism 
o u tlin e d  above must be brought in to  oonsider& tion. In a d d itio n , 
th e e f f e o t  (b ) may to  some ex ten t f a c i l i t a t e  removal o f bromine.
An in te r e s t in g  a p p lic a t io n  o f the double bond mechanism 
may be found in  th e re a c tio n s  o f l - n i t r o s o - 2 -naphthol and 1 -  
benzene-azo-2-naphthol. Bradley & Robinson, (£ .,1 9 3 4 ,1 4 8 4 )  
have shown th a t th ese  substances react w ith potassium  cyanide 
to  form 4-oyano d e r iv a t iv e s . These workers regard th ese  re­
a c t io n s  as being e s s e n t ia l ly  an ad d ition  o f  a oyanidion to  the  
k a tio -en o id  system s in  th e ir  quinonoid forms. I t  i s  now fur­
th er  suggested  th a t th ese  quinonoid forms (L) and (L l l )  can be 
formed on ly  through tlie sym m etrical s tru c tu res  (ALIA) aud (L I ) ,
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and not through the unsymmetrioal phases (XLL&a) and (L la ) .
The mechanism o f th ese  transform ations can th erefo re  be brought 
in to  l in e  with the form ation o f in tern a l d ia z c -o x id e s , the  
d iffe r e n c e  in  p ro p er tie s  between 1-bromo- and 3-bromo-2-naph- 
th ylam lnes, and the reduotion  o f l:3-dibrom o-2-naphthylam ine  
as accounting fo r  th e  symmetrical s tru ctu res o f th ese  compounds.
The double bond mechanism has been ap plied  by Baker ( £ . ,  
1934,1684) to  account fo r  the d iffe r e n c e  o f  p h y sica l and chemi­
ca l p ro p ertie s  ex h ib ited  between 2 :4 -d ia o e ty l-  and 4 :6 -d ia o e ty l  
r e s o r c in o ls . The former has th e p ro p er tie s  o f  a f u l ly  ch ela ted  
compound, whereas the l a t t e r  i s  on ly  p a r t ia l ly  ch e la ted , and 
Baker argues th a t ch e la tio n  o f a hydroxyl group with an ^ -ca r­
bonyl i s  on ly  p o ss ib le  because o f the n e c e s s ity  o f  the nemfcalised 
system H 0 - C e C - C * 0 :
% + c - n .
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Baiter has ap p lied  th is  ch e la tio n  theory  to  4 -0 -a o e ty l  
resacetophenone. On the b a s is  o f th is  th eory  t h is  oompound 
should have th e o a is t i t u t io n  shown below, and th e F r ie s  • 
m igration , should r e s u lt  in  the formation o f  2 :4 -d ia o e ty l-  
r e s o r c in o l, whioh was a c tu a lly  found to  take p la o e ; -
The double bond mechanism put iorward fo r  naphthalene i s  
s im ila r  to  th e se  id eas o f  Baker, but in  a sen se i t  i s  d i f f e r e n t .  
Whereas, according to  Balter, the tendency fo r  doubly bound 
oxygen to  d ie  Late f ix e s  th e p o s it io n  o f  the double bonds in  the  
n u c leu s, the f ix e d  sym m etrical stru ctu re  o f  th e naphthalene 
m oieoule determ ines the c h e la t io n  o f bromine in  the 1 -  p o s it io n .
i l l ,  p b i e n t i n g  i . . y  1.h m :  . t i U m i U i ; : ;  s y s t e m  -
OiUi&TIXG. ...pr-.JUS o f  V W
In a d iscu ss io n  o f the o r ie n tin g  e f f e c t s  in  the naphthalene 
m olecu le, i t  i s  n ecessary  to  bear in  mind n ot on ly  the e f f e o t  
o f  s su b stitu e n t i t s e l f ,  but a lso  the e f f e o t  o f  one benzene rin g  
(a c t in g  as an eth en cid  group) upon the o th er . This has a lread y  
been referred  to  in  th e d isc u ss io n  o f the su b s t itu t io n  o f n itr o  
naphthalene, naphthoic and naphthalene su lphonic a c id s . I f  a 
su b stitu e n t i s  iu f f io i e n t ly  power u l ly  o r ie n t in g , i t  w i l l  d eter­
mine a l l  p o s it io n s  o f s u b s t itu t io n , whereas i f  i t  i s  a weaker 
system  i t  may determine one or perhaps two p o s it io n s  o f  su b s t i­
tu t io n , but fu rth er  su b s t itu t io n  w i l l  be governed by the ethenoid  
e f f e o t  in  the naphthalene m olecu le. A d isc u ss io n  o f the in ­
flu en ce  o f d if fe r e n t  groups w i l l  i l lu s t r a t e  th ese  id ea s .
D ie PixeqUrnt Tower o f the Lv-Sroxvl ijroup art! the Lowaring o f  
i t s  o r ie n tin g  in flu en oe  on Converaior. to  A lkosy. and a -M tro  
benzene Eulrhoiioxy groups,
S ection  1. S u b stitu tio n  o f  d -  and JB- an hthole.
Owing to  the ease with which p henolic  hydrogen can assume 
a p o s it iv e  charge, the high a c t iv a t in g  power o f  a p h en o lic  
group i s  due to  the re a c tiv e  phase a t - 0  in  vthioh the oxygen can 
ex er t a - I  e f f e o t  on the n u c leu s. In a d d itio n  the lone p a ir s  
o f  e lec tro n s  surrounding th e oxygen nucleus w i l l  g iv e  r i s e  to  a 
-B  e f f e c t ,  and th e combined -K -I e f f e c t s  w i l l  r e s u lt  in  strong
o -  and j y -  a c t iv a t io n . T his e f f e c t  i s  so powerful th a t tr isu b ­
s t i t u t io n  in  phenol can occur with ease ( L l l l ) .  In the case  
o f  06- rap h th o l, eleotrom erio  changes in d ic a te  su b s t itu t io n  in
3 9 .
p o s it io n s  2: 4 :7:5  (shown by s in g le  headed arrows in  (L1V)).
I t  i s  to  be expected th a t p o s it io n s  2 :4 -  w i l l  be th e  f i r s t  to  
be attacked  s in ce  a o t iv r t io n  o f th ese  p o s it io n s  i s  a sim ple 
and d ir e c t  p ro o ess , whereas a c t iv a t io n  o f  the 7 :5 -  p o s it io n s  
ia  in d ir e c t .  The l a t t e r  are s u f f ic ie n t ly  p ow erfu lly  a c tiv a ted  
however, fo r  fu rth er  s u b s t itu t io n  to  take p la ce  in  th ese  p o s i­
t io n s ,  and owing to  th e ethenoid  e f f e o t  a t p o s it io n  5 - ,  i t  
would be expeoteri th a t th e 2 :4 :5 -  tr is u b s t itu te d  d e r iv a tiv e  
should be formed in  g rea ter  amount that the 2 :4 :7 - .  Experi­
mental evidence f u l ly  bears out th ese  ex p ec ta tio n s . N itr a t io n  
o f  2:4-d in itro-<*-naphthoi g iv e s  a mixture o f 3 :4 :5 -  and 3 :4 :7 -  
<*-naphthols (Bkatrand.B er. ,1 8 7 8 ,^ ,1 6 2 ;  Hermann.haberkaut, ib id * 
1898,31.2420: S t e in e r , ib id . , 1 9 0 0 , 3 2 8 5 ) .  An improvement
on th e  method o f  p rev iou s workers has been found which fu rn ish e s  
a convenient method for the sep aration  o f tlie  isom ers. The 
r a t io  o f  2 :4 :5 -  «nst to  2 :4 :7 -  was found to  be o f  the order 5 :2 . 
An a d d itio n a l p o in t o f in te r e s t  may be m entioned. I f  the d ir ­
e c t  e f f e o t  ( p a g e / )  i s  s u f f ic ie n t  to  cause s u b s t itu t io n , then  
th e  n eg a tiv e  f i e l d  surrounding th e  o x y g e n  in  oN-naphthol in  c lo s e  
p roxim ity  to tlie  8-  p o s it io n  should cause su b s t itu t io n  h ere .
The fa c t s  th a t th e  n itr o  group does not en ter  the &+ p o s it io n  
but a tta ck s the 7 -  len d s con sid erab le  support to  R obinson's 
con ten tion  th a t su b s t itu t io n  tak es p la ce  on ly  through e le c t r o -
m eric d isturbances (p a g e / i ) .
In  the case o f  p-naphthol two a lte r n a t iv e s  are th eo ret­
i c a l l y  p o s s ib le , e i th e r  1 :6 :8 -  or 1 :3 -  su b s t itu t io n  (LV). 
N itr a t io n  o f  3-naphthoi g iv e s  th e 1 : 6 -  d in itr o  d e r iv a tiv e  
(B e ll  ,£ .,1 9 3 2 ,2 7 3 2 ) and attem pts to  n itr a te  t h is  substance  
fu rth er  r e s u lt s  in  decom position . There i s  no doubt th a t th e  
1 :6 -  p o s it io n s  are h ig h ly  a c t iv a te d , but the fa i lu r e  o f 3 -su b -  
s t i t u t io n  i s  su r p r is in g , s in ce  t h is  seems to  be an even sim pler  
p rocess than 6 -  s u b s t itu t io n . P o s it io n  1 - must be muoh more 
h ig h ly  a c tiv a ted  than oth er p o s it io n s  owing to  th e high o /p  
r a t io  o f  th e hydrojetfi group an to  a c t iv a t io n  by the unoooupied  
r in g . hence i t  i s  reasonable to  assume th a t t h is  must be the  
f i r s t  p o s it io n  taken up by th e en ter in g  group. The n itr o  group 
w i l l  d eao tiv a te  p o s it io n s  in  i t s  own ring  and hence i t  might be 
expected  th at fu rth er  su b s t itu t io n  w i l l  proceed 6 -  rather than  
8 - .  Hence in  p -naphthol, th e 6 -  p o s it io n  seems to  fu n ction  
s im ila r ly  to  a para p o s it io n  in  phenol. 
teo tlop  2 . s u b s t itu t io n  o f <*- «md p - -.tn-Ubyl e t h . f * .
Methoxy and ethoxy groups are somewhat s im ila r  to the hyd­
roxyl group although th e ir  o r ie n tin g  power i s  l e s s .  However, 
the n itr a t io n  o f the methyl and e th y l e th ers o f  p-naphthol pro­
ceed s 1 : 6 : 8 , showing th at theue groups are s t i l l  pow erfu lly  
a c t iv a t in g .  Gaess' work on the n itr a t io n  o f  2 -n a p h th y l-e th y l  
e th e r  ( J .n r .Chem. 1 8 9 1 . ( 2 ) 2 2 :  1892 ,4 £ ,615; 1 8 9 2 ^ 6 ,1 6 0 )  
showed th a t the f i r s t  prodcuts o f  n itr a t io n  c o n s is te d  o f  a mix­
tu re  o f  l - , 6 - ,  and 8 -  n itr o  d e r iv a t iv e s , the 1 -  compound being  
produced in com paratively large  amount, w h ils t  on ly  very sm all 
q u a n t it ie s  o f  the l a t t e r  two isom ers were ob ta in ed . N itr a tio n
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o f l-n itr o -3 -n a p h th y l e th y l e th er , lead s to  a m ixture o f  1 :6 -  
d in itr o  (mam product) and a sm all amount o f  l : 8 -d in it r o  com­
pound. N itr a tio n  o f  the methyl e th er  fo llo w s th e  same course  
(D a v ies .Chem.News.1 8 9 6 .7 4 .3 0 2 ) . I t  appeared o f  in te r e s t  to
supplement th ese  r e s u lt s  by n itr a t in g  l - n i t r o - 2 -naphthyl e th y l  
e th e r . I f  th e n itr o  group already in  p o s it io n  1 -  s u f f io is i t ly  
low ers the o r ien tin g  power o i th e  ethoxy I group, some 5 -  su b sti­
tu t io n  would be exp ected . i th  filming n i t r i c  a c id , however, 
th is  substance gave a mixture o f 1 : 6 : 8  t n n i t r o  and 1 : 6 -  d in itr o  
d e r iv a t iv e s , showing th a t the ethoxy group i s  s t i l l  f a ir ly  power­
f u l ly  a c t iv a t in g  and th at tlie  8 -  p o s it io n  i s  l e s s  a c tiv a ted  than  
the 6- .  So for  jB-naphtliol and i t s  methyl and e th y l e th e r s , 
a c t iv a t io n  i s  according to  the o llow in g  order l - ^ 6 -^ 8 - .
N itr a tio n  o f  /-n a p l th y l eth ers g iv e s , in  the i r s t  instance 
a m ixture o f  4 -  and 2 -  mono n itr o  d e r iv a tiv e s  (th e  former in  
g rea ter  amount) (Keeraann.t). .nr.chem . (2 ) .1 8 9 1 .4 4 .2 4 0 ). D in i-  
. t  ra t ion fu rn ish es a m ixture o f  2 :4  and 4 :5 -  d e r iv a t iv e s  (h ee r -  
mani . l o o . o i t . ) :  the form ation o f  the l a t t e r  may be a ttr ib u te d  
to  th e decreased o r ie n tin g  power o f  tlie alkoxy group, with the  
corresponding entry o f t h e  2 nd n itr o  group in  the unoccupied  
r in g . (C ontrast n itr a t io n  o f p -e th e r s ) .  T r in itr a tio n  proceeds 
(T a len .R eo .tra v .o h iu . .1928. 17 .329 .346). This apparent 
decreasa in  o r ie n tin g  power o f th e  ^ -a lk oxy  group compared taith 
th a t o f  tlie p -a ikoxy group, i s  i l lu s t r a t e d  a lso  by the s u b s t i-  
s tu t io n  o f  halogeno—naphthalenes. Whereas 2 —oh lor and 2 —bromo-
naphthaienes are n itr a te d  su c c e ss iv e ly  a t  p o s it io n s  1 : 6 : 8 -  
(8 c h e id .3 e r # ,19* ] ,£ 1 ,1 8 1 5 ; van der Kam.R e o .tr a v .ohlin. 1926 .45 .564  
th e /-compounds are su b stitu te d  in  p o s it io n s  4^5:8 (T a lo n .lo o .o it )
4 1 .
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Hence fo r  * -naphtl o l  an i t s  methyl and e th y l eth ers activ tiion  
l e  as fo llo w s: 4) 2  ^5 )7 . These r e s u lt s  are summarised below:
S ectio n  3 . S u b stitu tio n  o f e i- and (h-naphthyl->a-n itrob en gen e-  
v  Ip horates*
I t  has been seen th a t p ro tec tio n  o f the hydroxyl group 
by an a lk y l rad ica l low ers i t s  o r ie n tin g  power. The o r ie n t­
ing power can be lowered s t i l l  fu rth er by conversion  to the  
sulphonoxy group - 0 5 — fc . Here sulphur i s  jo in ed  to  two
oxygen atoms by sem i-polar lin k a g es and as a r e s u lt  c a r r ie s  a 
la rg e  p o s it iv e  oh&rge, and w i l l  th erefore  ex e r t a powerful 
a ttr a c t io n  upon the e le c tr o n s  whioh surround it*  An in d u ctiv e  
e f f e c t  w i l l  be s e t  up between th e sulphur atom and the adjacent
p h en o lic  oxygen or group it (a r y l or a lk y l) .  This powerful
e f f e c t  i s  shown by the la rg e  d ip o le  moment o f the sulphonoxy
group, which i s  o f  the same sign  as th at o f th e n itr o  group and
con sid erab ly  la rg er  (Todd & Shriner u ♦.Amer.Chem.Soo. 1934.1382:
t
p  * 5 .0 5  x  1 0 ~ ^ e * s . u . ) # Hence an ary l sulplioxy group should  
be expected to  have a  la rg e  + 1  e f f e o t ,  and s in c e  there are lo n e  
p a ir s  o f  o leo tro n s surrounding the phenolic  oxygen, a sm all -E 
e f f e c t .  In th is  r e sp e c t , the group as a whole w i l l  bo somewhat 
s im ila r  to  a halogen* In both o a se s , although there w i l l  her*
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Combined with the eth en o id  e f f e c t s  (b and o ) , p o s it io n s  a v a il­
ab le fo r  su b s t itu t io n  should be 4:5  or 4:8  in  theo^- compound, 
and 1 : 5  or 1 : 8  in  th e p - .  Experim ental r e s u lt s  f u l ly  bear
out th ese  e x p e c ta tio n s .
k4 + J
i•
N itr a tio n  o t -  and p -  m -nitro benzene s ilphonates has 
been shown by B e ll  (£ .,1 9 3 3 ,2 8 6 )  to proceed aooording to  the 
fo llo w in g  schemes: -
4 :n itr o
8 :n itr o
5 :n itr o
(L V 1 )
(L V 1 1 )
" ^ 1 :5  d in itr o  AFCgiiJKO^iiOa 
4:5  d in itr o
8 :n itr o  — > 1 : 8  d in itr o  
The s im ila r ity  to  a halogen su b stitu e n t i s  shown by the  
fa c t  th a t n it r a t io n  o f 8 -n itro -l-ch lo r o n a p h th a len e  g iv e s  the  
4 : 8 -  d in itr o  d e r iv a tiv e  and n itr a t io n  o f 5-n itro-l-brom onaph- 
th a ien e  g iv e s  the 4 :5 -d in itr o  d er iv a tiv e  ( G uaresohi.Annalen. 1884. 
222 ,291: Ullmann & Consonno, B er. .1 9 0 2 .3 5 .2 8 0 7 ). I t  has a lso
been found th a t 4 :5-d in itro-l-b rom on ap h th alen e can be d ir e c t ly  
prepared by d in itr a t io n  o f th e bromonaphthalene. (The method
o f  preparation  g iven  by Ullmann & Consonno -  l o o . o i t . -  c o n s is te d  
in  brcm inating n itr o  naphthalene, and n itr a t in g  the r e su lt in g  
nitro-brom  naphthalene) •
4 :5-D in itrc-l-b rom on ap h th alen e, and 4: b -d in it r o - l - c h lo r -  
naphthalene were used to o r ie n t eoiapounds (LV1) and (LV11) 
above. I t  was found th a t th ese  n itrohaiogen  : aphthaleues 
gave p r in c ip a lly  the ethoxy d e r iv a tiv e s  arid not the n aph th ols, 
as s ta te d  by LI Ioann & Consonno ( l o e . c i t . ) .  by the action  o f  
a lco h o l and sodium carbonate a t 1ST -  135° in  a sea led  tube.
4 :5 -  and 4: S -l-ethoxy-iiap h tha enes were id e n t ic a l  with the 
e th y la te d  naphthas from (LV1) and (LV11).
An attem pt was made to  broaii. a te  the / -  and p - s Ip] v n a te s  
to  a sce r ta in  whether analogous p o s it io n s  were su b s t itu te d , but 
l i t t l e  inform ation could be ob ta ined , s in ce  n ot more than one 
bromine atom c o ; ld  in  each oase be introduced. The compound 
underwent bromination f a ir ly  r e a d ily  and the r e s u lt in g  mono- 
bromc product was r e s is ta n t  to fu rth er brom ination. This 
co ipound vas ide? t i f i e d  as 4 - broao-/-raplithyI-m -i; 11ro-benxene 
su lphonate by s c is s io n  with p ip e r id in e  to  g iv e  4-brom o-l-naph- 
t h o l .  Tl^ e p -su iphonate underwent brom inaticn extrem ely s lo w ly  
g iv in g  a sm all y ie ld  o f  a mono bromo d e r iv a t iv e . The slow ness  
o f  th e reaction  probably in d ic a te s  th at s u b s t itu t io n  tak es p la ce  
in  the unoccupied r in g  and the r e s u lt in g  compound may have been 
5 -  or 8— su b st itu te d  or a m ixture o f  both. N ev er th e le ss , 
brom ination, l ik e  n itr a t io n  o f / -  and B- naphthyl sulphonates 
shows d e f in i t e ly  th a t the suiphonoxy groups has a much fe e b le r  
o r ie n t in g  power than the hydroxyl and the alkoxy group.
This con clu sion  i s  supported by referen ce to  the re a c tio n s
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o f  pbenyl-jy-toluene sulphonate ( B e l l ,£ .  ,1928,2771}-. V igorous 
n itr a t io n  lead s to form ation o f  j^ -n itro-phenyl-oL nitro-p-H oluene  
sulphonate (LV111), w hile undor l e s s  v igorou s c o n d itio n s , 4 -  
n itro p h en y )-p -to lu en e  sulphonate i s  formed (LIX). Further
Cto'Cto -
!  n Q  o S ° 2 C?H' (LIX)
evidence i s  su p p lied  by the fa c t  th a t n itr a t io n  o f j^ -to ly l-p *  
nitrobenzene sulphonate (LX) lead s to  the in trod u ction  o f  a 
n itr o  group ortho to  th e methyl (LX1), showing th a t the sulphon- 
oxy group, l ik e  a halogen , has a low o/p  r a t io ,  whioh i s  to  be
% - (  >csor  aA\—/ ' V v
(LX) (LX1)
expected s in c e  t h is  system rep resen ts a powerful B e f f e o t  super­
imposed upon on A type (page S ').
-OH - 0 ~ > S o z 1Z
A type B superimposed on A.
The D irec tin g  Power o f  the Amino Group -  A d d itive  o ea c tio n s  o f  
halogens with /xrtttPhtl.yiHmii.e.
I t  i s  not p o s s ib le  tc  obfein d ir e c t  evidence o f  the orien ti-  
in g  in flu en oe  o f  th e  amino group, but in d ir e c t  evidence in d ica te s  
th a t t h is  su b st itu e n t i s  p ow erfu lly  o /p  d ir e c t iv e .  In s p i t e  o f  
th e fa c t  th at n itr a t io n s  o f  amines are conducted in  strong ao id  
s o lu t io n s , in  which medium th e  amine i s  la r g e ly  converted to  
th e s a l t ,  y e t  con sid erab le  q u a n tit ie s  o f  para n itr o  d e r iv a t iv e s  
are formed. For example, n itr a t io n  o f a n i l in e  in  oonoentrated  
su lp h u ric  a c id  was shown by hollem an, Ilartogs, van der Linden,
( Bur. .1911. 41.710) to g iv e  an r a t io  o f  Hie order 1 :5 0 :5 0 .
A ddition  o f  a n il in e  n itr a te  to  concentrated  su lphuric a c id  gave 
a va lu e  o f the order 4:39:60 ( ib id ) . Even under th ese  oon d i-
A ~ y  —
t io n s ,  th er e fo re , where much o f  the a c t iv i t y  o f  the amino group 
i s  d estroyed , th ere  i s  a grea t deal o f  ^ - s u b s t itu t io n . T his 
su g g ests  an a c t iv a t in g  power comparable to  th a t o f  the hydroxyl 
group. The sm all proportion  o f  ortho d e r iv a t iv e  i s  in  accord­
ance with Lapworth & R obinson's view  (page<f)» s a l t  form ation  
may be regarded as a su p erp osition  o f type ii e f f e c t  upon type A.
In the brom ination o f  am ines, in term ediate a d d itiv e  com­
pound form ation must be taken in to  account ( F r ie s .Annalea.1906. 
346 .1 3 8 ) , y e t  ortho and para p o s it io n s  are a ttaok ed . A n ilin e , 
fo r  example, r e a d ily  g iv e s  th e  tr is u b s t itu te d  2:4:6-tribrom o  
d e r iv a t iv e  w ith bromine.
S a lt  form ation o f  <x- and fi- naphthyiamines in  concentrated  
su lp h u ric ac id  w i l l  produce a s im ila r  d e a c t iv a t in g  e f f e c t  as  
w ith a n i l in e , so th a t p o s it io n s  o f  s u b s t itu t io n  would be governed 
by th e  ethenoid  e f f e c t s  in both ol- p o s it io n s  in  the unoccupied  
r in g . This i s  supported by experim ental ev id en ce. A ddition  
o f  p -  naphthylamine n itr a te  to  concentrated  su lp h u ric a c id  pro­
duces a mixture o f  5 -  and 8 -  n itr o  d e r iv a t iv e s , (FriedTdnder & 
Siym anski, B e r .,1 8 9 2 ,2 5 ,2 0 7 8 ).
4 6 .
N itr a tio n  o f  </-naphthylaaine in concentrated  su lphuric  
a c id  (M eldola, S t r o a t f e i ld .J .  .1896 .63 .1055: M organ,M ichle- 
th « a ite ,  £ . ,1 9 0 6 ,8 9 ,7 )  a lso  g iv e s  the 5 -  and 8 -  n itr o  d er iva ­
t i v e s  togeth er  w ith a sm all amount 4 - .  I t  i s  not p o s s ib le  to  
determ ine a cc u r a te ly  th e prop ortion s o f  isom ers formed s in c e  a
4 7 .
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con sid erab le  amount o f  decom position occu rs, but th ere can be 
no doubt th a t th e 5 -  n itr o  d e r iv a tiv e  i s  formed in  greater  
amount than the 8-.
Bromination o f  f]-naphthylamine i s  an in d ir e c t  p ro ce ss , but 
the u ltim ate  product, claim ed by C laus, F liilip so n  ( Ber. .1 8 9 1 .2 U. 
263) and C laus, J lc k  (B . .nr Chem. (2 ) .1698 .57 .131  to be the 1 :4 :6  
tribrom o d e r iv a t iv e , has been shown by Frau sen dc Stauble (3 .  .nr* 
Chem. 1 9 2 1 .(2 ) .103,352) to  be the 1 :3 :6 -  tribromo d e r iv a t iv e .  
There i s  no mention in  the l i t e r a t u r e  o f  the d ir e c t  a c tio n  o f  
bromine on cC- naphthylam ine. This reaction  has th erefo re  been 
in v e s t ig a te d , and i t  has been found th a t a so lu t io n  o f the amine 
in  chloroform  absorbs on ly  one m olecular proportion  o f  bromine, 
th e r e s u lt in g  product bei*,g a complex m ixture o f  bydrobromides. 
From t h is  mixture th ere  was obtained  naphthylamine in d ic a t in g  
th a t  the hydrogen bromide produced during th e bromination com­
bined with some o f  th e unchanged amine rendering i t  in a c t iv e  to  
bromine. To avoid  com p lioa tion s, th ere fo re , a so lu tio n  o f  
naphthylam iae was added to  a so lu t io n  o f broaune. In t h is  way 
2 : 4 -dibrom o-l-naphthylam ine hydrobromide was formed, and the  
in term ed iate form ation o f  an u n stab le  a d d itiv e  compound was 
n o tic e d . This rea c tio n  i s  th ereo f re comparable to the b roa in -
a tio n  o f  Z-n&phthcl whioh mmm a ls o  g iv e s  an u n stab le  in term edi­
a t e ,  tlie u ltim ate  product being the 2 :4 -  dii»romo d er iv a tiv e  
(M cldola, Hughes, £ . ,1 8 9 0 ,5 7 ,3 9 5 ) .
I t  was found th a t 4 -n itro -l-n ap h th y lam in e  could  a ls o ,  l ik e  
naphthylam iue, be brominated d ir e c t ,  but th e rea ctio n  fo llo w s  a 
cu riou s cou rse . in  chloroform  suspension , a d d itio n  o f  bromine 
produced an u n stab le  green compound whioh f i n a l ly  changed to  an 
orange substance. The ease w ith whioh t i l l s  l a t t e r  compound 
l o s t  bromine and n itrogen  to  g iv e  1 :2 :4 -  tribrom onaphthalene 
(LAI 11) togeth er  with i t s  a n a ly t ic a l  data, suggested  th a t i t  was 
2:4-* dibrom o-1-naphthalene d iazo perbromide (LX11). Consequent­
ly  i t  was compared with a u th en tic  diazo perbromide, whose pre­
p aration  has been described  by M eldola (£ . ,1 8 8 3 ,4 3 ,4 )  and in  
th e ir  rea ctio n s  both compounds were id e n t io a l .
S ince no hydrogen bromide i s  produced during the r e a c tio n , 
i t  i s  suggested th a t bromine f i r s t  adds on to  th e 1 : 2 -  double 
bond and by a s e r ie s  o f ohanges, n itro u s a c id  i s  produced whioh 
d ia z o t is e s  the amino group. The fo llow in g  solieme i s  put fo r ­
ward as a l ik e ly  mechanism o f  the reaction :
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The a ctio n  o f  bromine upon 4 -n itro -l-n a p h th y  1 amine fo llo w s
a d if fe r e n t  course in  a c e t ic  a c id  medium. Here the main produot
i s  the 2-brorao d e r iv a t iv e  (LXl?) togeth er  w ith  a sm all q u an tity  
per
o f  diazo bromide.
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No su ggestion  can be made as to  why bromination should f o l ­
low th e normal course in  a c e t ic  a c id  and n ot in  chloroform .
The tendency fo r  double bond ad d ition  to  take p la ce  with  
halogens i s  a c h a r a c te r is t ic  property o f  naphthalene* For ex­
ample C leve(H er•,1 8 8 8 ,3 ^ ,8 9 1 ) showed th a t e ith e r  l -k e to - 2 :3 :4 -  
tr io h lo r o -1 :2 -d ih y d r o - or l - k e t o - 3 : 4 :4 ^ tr ieh  loro-1 :4 -d ih yd ro  -  
naphthalene (LXV) and (LaVI) i s  formed when oh lorin e  i s  passed  
in to  N -naphthol, and Zinci e (£ g r . , 1 8 8 0 , 1 0 3 6 )  i s o la t e  1 -k e to -  
2 :2 :3 :4 :4 -p en ta ch lo r -l:2 :3 :4 -te tr iiiiy d ro n a p h tiia len e  ( L a V I I )  from 
a s im ila r  *•*# r e a c tio n . The opening o f  th e 1 :2-double bond
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w ith  r e s u lt in g  k e to n isa t io n , in  the case o f  2:4-d ibrom o-i-naph- 
th o l i s  suggested  as a  mechanism fo r  i t s  conversion  to  an in d i­
g o t in  type o f  d e r iv a tiv e  under the in f  iuenoe o f a lk a l i  (IV1 1 1 -
s t a t t e r  & S ch u ler , Her. .1 9 2 8 ,61B.3 6 2 ).
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jb-naphthol, F r ies  St Bohimmelsohmidt ( Amialen. 1930 .jg 4 .2 4 5 ) have
shown th a t ad d ition  to  double bonds and k e to n isa tio n  takes pl&oe,
an example o f  whioh i s  shown below,
k,H
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The replacem ent by bromine o f the n itr o  group in  4 -n it r o -
1 -naphthylam ine may be compared with the replacem ent by bromine
o f th e aldehyde group in  1 -hydroxy-4-naph tha Idehyde (K erkhoff,
Reo»tr a v . ohim. . 1 9 3 2 . 5 1 . 7 3 9 ) ♦
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The examples c it e d  atove n ot on ly  i l lu s t r a t e  the tendency
fo r  double bond a d d itio n  in  naphthalene but a lso  the te n a c ity
w ith whioh th e m olecule r e ta in s  i t s  symmetrical ch aracter .
Tho D ire c tin g  In flu en ce  o f  Amino Derived S u b stitu e n ts .
S ec tio n  1 . The d ir e c t in g  in flu en ce  o f the aoetaaido  group.
The aoetamido group c o n s t itu te s  a system whioh has been 
d escrib ed  as "neutralised"  by &tobinson. Here we have two 
opposing fo rces  upon th e  unshared e lec tro n  p a ir  o f  the n itro g en  
atom -  one in to  th e nuoleus and th e other towards the doubly 
bound oxygen atom. Compared w ith  the amino group th er e fo re ,
i t  should have a sm aller o r ie n tin g  power 
and s in c e  t h i s  group c o n s is t s  o f  a type B 
(a o y l)  combined with a type A (am ino), 
m on o-su b stitu tion  should be expected to
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proceed para- to  a g rea ter  ex ten t than ortho .
E xten sive in v e s t ig a t io n s  o f  n itr a t io n  and bromination o f  
a o e ta n ilid e  have shown th a t the o /p  r a t io  v a r ie s  very much 
according to  experim ental co n d itio n s . Moreover, bromination  
proceeds para to  a fa r  la rg er  ex ten t than does n itr a t io n , and 
i t  appears th a t in  both ca ses  a o e ta n ilid e  tends to  su b s t itu te  
para to  a grea ter  ex ten t than orth o .
h ith  U r  aoet n ap h th a lin e , i t  might be expected  th at sub­
s t i t u t io n  would proceed para to  a la rg er  ex ten t than with aoet  
a n il id e  owing to  th e a d d itio n a l ethenoid  e f f e o t  a t  p o s it io n  4 - .  
N itr a tio n  with concentrated  n i t r i c  ac id  gave an o /p  r a t io  which 
v a r ied  from 0 .3 3  to  0 .4 8  according to  th e q u an tity  n itr a te d . 
Moreover the y ie ld  o f  n itr a te d  products varied  w ith in  wide l im it s  
(55 -  69+) and hence i t  was not p o s s ib le  to  gain  any p r e c ise  
in form ation . N ev erth e less  the o /p  r a t io  i s  su r p r is in g ly  h igh .
* -A oet-n ap h th a lid e  l ik e  a o e ta n ilid e  can be e a s i ly  d in itr a te d  
to  th e  2 :4 -  d in itr o  d e r iv a t iv e  (Morgan, Evens, 3 . .1 9 1 9 .115.1127) 
so th a t both th ese  p o s it io n s  are s tro n g ly  a c t iv a te d .
Bromination o f f e r s  an in te r e s t in g  co n tra st to  n itr a t io n .  
Mouobromination o f  ol- acetnaphthal id e g iv es  on ly  th e 4-bromo 
compound, no 2 - being produced (M eldola .iie r . .1 8 7 8 .1 1 .1 9 0 4 ).
4 -b rom o-l-aoet naphthalide re a c ts  with a fu rth er  m oieoule o f  
bromine w ith d i f f i c u l t y  to  g iv e  the 2:4-dibromo d e r iv a tiv e  
(M eld o la .3 . .1 8 8 3 .4 3 .4 : Ber. ,1 8 8 9 ,^ ,1 9 6 1 ) .  I t  i s  ev id en t
th e r e fo r e , th at the nature o f the su b s t itu t in g  agent i s  an 
im portant fa c to r  b earin g  on the ortho-para r a t io  (pp. i o  * // ) .
In view  o f  th e  fa c t s  th a t o(- aoet naphthalide i s  d initr& tdd  
much more e a s i ly  than i t  i s  dibromin&ted, i t  appears th a t the  
acetamido group i s  more e f f e c t iv e  in  n itr a t io n s  than in  bromi-
5 1 .
n a tio n s , a  con clu sion  which i s  true a lso  o f  acetauiido-dipheny1 
(B o ll ,£ . ,1 9 3 1 ,2 3 3 9 ) .
That the aoet&uiido group does undoubtedly a c t iv a te  p o s i­
t io n s  f a ir ly  p ow erfu lly  i s  shown by the production o f  the 1 -  
6 -  and 8-  mono n itr o  d e r iv a t iv e s  when (J- acet-naphth& lide under­
goes n itr a t io n  (Jacobson . J e r . .  1 8 8 1 .1 1 .8 < 5: V/esely k  bakes,
d u ll.so c .o h im . .1923 .J £ .9 4 2 ). the 1 - n itr o  preponderating. Fur­
ther su b s t itu t io n  o f th e  1 -  n itr o  d e r iv a tiv e  shows th a t the  
acetamido group i s  le e s  p ow erfu lly  a c t iv a t in g  than an alko.^y 
or amino group, s in c e  th e  n itr o  group overcomes to  some ex ten t  
the in flu e n c e  o f  the aoetamido group an I fu rth er  su b s t itu t io n  
tar.es p la ce  in  p o s it io n  5 - .  S u b stitu tio n  o f  6 -  and 8 -  n itr o  
a ce t naphtha!ides tak es p la ce  in  unoccupied 1 - p o s it io n .  (B e ll  
£ .,1 9 2 9 ,2 7 3 5 ) . These p ro cesses  are represented  below>-
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The n itr a t io n  o f  l - n i t r o -2 - a c e t  naphthaLide i s  comparaulu 
to  the n itr a t io n  o f  u -n itro -i-a o e t& 3Lido d iphenyl, th e  second  
n itr o  group en ter in g  th e Im position , heteronuole& r su b s t itu t io n  
tak ing p laoe  because o f the d ea c tiv a tin g  e f f e o t  o f  the n itro
5 3 .
g r o u p  i n  p o s i t i o n  3 - .
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The fa ilu r e  o f  the acetaaido  group to  d ir e o t  s u b s t itu t io n  
in to  p o s it io n  3 - i s  i l lu s t r a t e d  a lso  by analogous r e s u lt s  by 
Groeneveld (Boo. tr a v . ohim. . 1 9 3 2 .5 I .783 -  811) on the n it r a t io n  
o f fi-naphtliyl urethane and i\-(fP-naphthyl)-ftx e th y l urea. The 
former undergoes n itr a t io n  f i r s t  to  g iv e  th e  1 : 6 -  and 1 : 8 -  d i -  
n itr o  d e r iv a tiv e s  and then the 1 :6 :3 -  t n n i t r o  d e r iv a t iv e s .
The la t t e r  g iv e s  th e  1 :6 :8 -  t r iu it r o  d e r iv a t iv e .
Although the aoetam do group i s  f a ir ly  p ow erfu lly  o r ie n tin g  
comparison o f n itr a t io n  o f  2 -a o e t  naphthalide and 2 -napLthyl 
eth ers in d ic a te s  th a t the alkoxy su b stitu e n t has a greater  
a c t iv a t in g  power. T his oonolusion  i s  to  be con trasted  w ith  
the n itr a t io n  o f  2 -methoxy L -acet naphthalide which occurs in  
p o s it io n  4 . (L k V lll) . -  (B radley 8c Robinson,£ ,,1 9 8 4 ,1 4 8 4 )  
and with the n it r a t io n  o f o-metho.xy a o e ta n ilid o  (In go ld  & in -  
go Id ,± . ,1936,1310) -  (LaIA) in d ic a t in g  a rev ersa l o f  the o r ie n t­
in g  powers o f  aetho.iy and aoetamido su b s t itu e n ts .
(IAV111) (hd.J
S .o t io n  2 . H i .  A ir w t l i i -  i. f  lutiZio® o f U>«. ary l .a lp j.w aftidp  
^roup and tow vxo .p ti.onal behaviour o i  o<-aaphthai U .a  tovarRa 
bromi at ion .
Tilth regard to  th e  su b s t itu t io n  o f  ol- and f3-uaphthalides 
com paratively l i t t l e  has been done, but the r e s u lt s  obtained  
in d ic a te  th at th e suiphon&midc group has an a c t iv a t in g  power
comparable to  th a t o f  a p h en o lic  group. linder m ild con d ition s  
j>-toluene su lp lion -l-n ap h th a lid e  g iv e s  the 2 ;4^ d in itro  d eriva ­
t iv e  (Morgan & Evens.3 . .  115 .1127 ). w h ils t  the (5-naphthalide i s  
n itr a te d  in  p o s it io n s  1 : 6  ( id e a . ) .  Morgan k  Evens ( l o o .o l t . )  
have a lso  succeeded in  m ono-n itrating th is  compound in  p o s it io n
1 - ,  although con d itio n s have to  be c a r e fu lly  regu lated  to  pre­
vent 1 :6 -  d isu b s t itu t io n  occu rin g . By employing th e j^-nitro
benzene sulphonyl d e r iv a t iv e  B e ll  (£ .,1 9 2 9 ,2 7 8 4 ) has shown th a t  
{3-naphthaUdes are capable o f  t r in i t r a t io n ,  su b s t itu t io n  pro­
ceeding 1 : 6 - ,  then 1 :6 :8  (L a ) ar.d (LiCvL).
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flie s im ila r ity  in  behaviour between a naphthol a ft a naph- 
th a lid e  i s  fu rth er shown by the fa c ts  th at / -  and p - j>-tolucne  
sulphonnaphthalides couple w ith d ia z o t ise d  a n ilin e  and j^ -n itr -  
a n iiin e  as re a d ily  as do th e  corresponding naphthols d i t t .B er., 
1 8 9 4 ,2 7 ,2 3 7 0 ).
The h igh  o r ie n tin g  power o f  tlie sulphonamido group i s  
i l lu s t r a t e d  by the r e s u lt s  o f attem pts to  m ono-n itrate ^ -to lu en e  
su lp h on -l-n a p h th a lid e . linder very m ild co n d itio n s (warming 
w ith d i lu te  n i t r i c  a c id ) i t  was found im p ossib le  to  prevent 
d in itr a t io n  tak in g  p la c e . This r e s u lt  has been confirmed in  
a memoir whioh appeared a t  the time th ese  experim ents were being 
carried  out (hodgson &  h a lk e r ,£ . ,1 9 3 4 ,1 8 0 ). These workers, 
however, have is o la te d  40? o f th e  4 -n itr o  d e r iv a tiv e  by n itr a ­
t io n  in  n itro -b en zen e  s o lu t io n , th e  remainder being 2 :4 -  d in itr o .  
A fu rth er  attem pt to  mono n itr a te  th is  substance, u sin g  the  
method which Morgan at Mioklwth.vai.te (£ .,1 9 1 2 ,1 4 8 )  adopted fo r
the mono n itr a t io n  o f  th e  p-naphthalide agk.ii r e su lte d  in  a 
m ixture o f d in itr o -  and unchanged product, but a very  sm all 
amount o f  2 -n itro -n a p h th a iid e  was ob ta ined , which was or ien ted  
by h y d r o ly sis  to  2 -n itro -l-n a p h th y la a iin e  -  id e n t ic a l  w ith an 
au th en tic  specimen from 2 - n i t r o - l - a o e t  n aph th alide.
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These r e s u lt s  combine to show th a t  the 2 and 4 p o s it io n s  
in  o(— n aphthalides are h ig h ly  a c t iv a te d , the 4 -  to  a greater  
ex ten t than the 2 - .
I s in g  u£*mitro benzene su lp h on -l-n ap h th a lid e , i t  has been 
found th at t r in i t r a t io n  oould be brought about. The 2 :4 -d i-  
n itr o  d e r iv a tiv e  (LAXLl) was e a s i ly  formed and t h is  on fu rth er  
n itr a t io n  y ie ld ed  uniform ly 2 :4 :5 -  t r in i t r o  jm-nitro benzene- 
su lp h on -l-n ap h th a lid e  (L v X ll l) , whioh was found to be id e n t ic a l  
with th a t produced by the m ild n itr a t io n  o f  5 -n itro -m M iitro - 
b enzene-su lphou-l-naphtita lide (LaaIV ), thus i t s  c o n s t itu t io n  i s  
proved. w>)k
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The absence o f 2 :4 :7 -  t r in i t r o  d e r iv a tiv e  i s  to be con tras­
ted  with th e t r in i t r a t io n  o f o^-uaphthol, but th ere  i s  no doubt 
th a t the 5 -  p o s it io n  i s  a c t iv a ted  by the sulphou&mide group in  
p o s it io n  i -  s in ce  the co n d itio n s  fo r  t r iu i t r a t io n  are m ild .
The marked d iffe r e n c e  between the o r ien tin g  powers o f  the s u l -  
phonamido and aoetamido groups and the grea t s im ila r ity  between
the suiphonasiido and p h en o lic  groups are from th ese  experim ents 
apparent. In the oase o f  jW iaphthalides (and l ik e  fi-naphthol, 
f i-e th e r s , and fi-aoetn ap h th a lid es) i t  i s  again  noteworthy th a t  
no 3 - su b s t itu t io n  occu rs. I t  must th er e fo re  be oonoluded that 
th e 3 - p o s it io n  e ith e r  s u f fe r s  no a c t iv a t io n  or i s  l e s s  a o tiv a te d  
than th e 8- p o s it io n ,  a con clu sion  d i f f i c u l t  to  r e c o n c ile  w ith  
the o r d in a r ily  accepted formula for  naphthalene. S ince other  
evidence i s  favourable to  suoh a formula, i t  might be concluded  
th a t e lec tro m eric  charges brought about by a group a  can fo r  
some unknown reason, on ly  fo llo w  the course in d ica ted  in  ( U iV ) .  
A )  /O Wie powerful a c t iv a t in g  in flu en ce  o f  the  
suiphonasiido group i s  a ls o  i l lu s t r a t e d  in  
th e oenzene s e r ie s .  E arly  experim ents by 
E verest 4  Flursohheim (b .H .P .243079) have 
(IAXV) shown th a t t h i s  group p ow erfu lly  a o t iv a te s
p o s it io n s  ortho and para to  i t .  Two n itr o  groups are e a s i ly  
introduced in to  the fo llo w in g  compounds:
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Three n itr o  gro tpa can be introduced even in  th e oase o f  
m-n i tro -M -i. i  t  ro box\ aeue s ulphonani  I  i  de:
/  \  hO, km
\
y  ^
I t  would appear remarkable th at such a group, ,
having a h ig h ly  p o s i t iv e ly  charged sulphur atom in  c lo s e  p roxi­
m ity to  the n ucleu s should so powerful Ly a c t iv a te  ortho a^d
para p o s it io n s .  I t  has been shown th a t replacement o f  a phen­
o l i c  hydrogen by th e  sulphoxy group low ers tlie a c t iv a t in g  power 
enormously and y e t  replacem ent o f an amino hydrogen by th is  
group brings about an a c t iv a t in g  power comparable to  th a t o f  
the p h en o lic  group. I t  appears, th e r e fo r e , th a t tlie  sulplion- 
amido group must acqu ire a r e a c tiv e  phase somewhat s im ila r  to  a  
l&enoxide io n . That suxphonanilides g iv e  s a l t s  w ith a lk a l i s  
shows th at the amino hydrogen i s  capable o f acq u iring  a p o s it iv e  
charge leaving th e  n itro g en  atom n e g a tiv e , t h is  p rocess being  
f a c i l i t a t e d  by tlie sulplionoxy group. The r e a c tiv e  phase o f  a 
su lp h on an ilid e may th er e fo re  be represented  by ( o ) ,  and t h is  i s
compared w ith a phenol (a )  and an aoetamido su b s t itu e n t (d ) .
H ^O- _ if Of,
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(a )  (b ) (e )  (d)
Evidence for such a form (o ) has been provided by Von
Braun & U eissbadh, (h e r . ,1930 ,63 .2836) who have shown th at some
su l d ion an ilid es,e .g .,& -b u ty i-gu lp h on -eth yL & u ilid e  react with
phosphorus p en taoh ld n d e to  g iv e  a s ta b le  ohloro body;
6m,_s —  mGt- -*• S w - s  - M e t
Moreover, replacement o f  th e  amino hydrogen in  j£-to luene sul.ph- 
on-2-naphthalide low ers th e o r ie n tin g  power o f tlie  group (Mor­
gan 8c M ick ieth w aite , l o o . c i t . )  and analogous r e s u lt s  have been 
obtained  in  the benzene s e r ie s  by B e ll  (£ .,1 9 2 8 ,2 7 7 2 ) , so th at  
now tlie o r ie n tin g  power i s  comparable to the methoxyl su b stitu en t
—  OH*, -  V -  S - X  
The low o/p  r a t io  o f  the sulphonamido group i s  i l lu s t r a t e d  
by the form ation o f jM nitro d e r iv a t iv e s  from tlie m ild  n itr a t io n
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o f  sulphon& ildes (A .G .F .A .,J u i.F .,157859; 163516) and B e ll  
(£ .,1 9 2 9 ,2 8 7 7 ; 1928,2771) has shown th a t although the o/p
r a t io  i s  low, the ortho p o s it io n s  are h ig h ly  a o tiv a te d .
i t  has been observed th a t in  the oase o f  <*-acet naphthai id e , 
th ere i s  & marked d iffe r e n c e  in  the o/p rt&o for  n itr a t io n  and 
bromination and th a t the acetamido group i s  more e f f e c t iv e  in  
th e former than th e la t t e r .  T his has been found to  be true  
a lso  o f  th e sulphonamido group, and here the d iffe r e n c e  i s  even 
more marked. I t  was thou j i t  th a t an easy method o f  preparation  
o f 2:4-dibrom o-l-naphthylam ine would be to brominate an a  -naph­
th a lid e  and h ydrolyse the product. The su rp r is in g  r e s u lt  
emerged th a t m -nitro-benzene su ip h on -l-n ap h th a iid e  gave on ly  a  
mono bromo d e r iv a t iv e  in  chloroform  so lu tio n  even with two mole­
c u le s  o f  toom ine. I t  was id e n t i f ie d  as th e 4-bromo d e r iv a tiv e  
(iiXXfl) by h y d r o ly s is  to  g iv e  4-brom o-l-naphthylam ine. l t  has 
been shown by B e l l  (£ ,,1 9 3 1 ,2 3 4 0 ) th a t the r e a c t iv i t y  o f  a s u l -  
phouamido group i s  enhanced by s a l t  form ation in  p yrid in e w ith  
the production o f  a n eg a tiv e  n itrogen  p o le , due to  the removal 
o f the in c ip ie n t ly  io n ise d  hydrogen:
Bromination by th is  method was th erefore  t r ie d  and i t  was 
found th at 4-bromo-mMiitro benzenesulphon-1 -naphtha 1 ide in  p y r i­
d ine gave aa alm ost th e o r e t ic a l  y ie ld  o f  the 2:4»-dibromo-l-uaph- 
t l ia lid e  (IA3V11) which was id e n t ic a l  w ith  th e product from the  
in te r a c tio n  o f  ^ -n itro -b en zen esu lp h on y l ch lo r id e  and 2:4-dibrom o-
1 -naplsthy 1  amine in  p y r id in e .
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This fa i lu r e  o f  A-n& phtlialides to undergo bro lii a t ion in  
the 2 -  p o s it io n  by ordinary means i s  fu rth er exem p lified  by 
the i&ot th at 4 -n itr o - j f to lu e n e  suiphon-l-naphth& iide was un&ot- 
ed upon by bromine in  ohloroform  so lu t io n , whereas in  p y r id in e , 
i t  gave the 2 -b r o a o -d e r iv a t iv e , whioh was obtained  a lso  from 
th e in te r a c tio n  o f  ^ t o lu e n e  sulphonyl ch lo r id e  and 2-brom o-4- 
n itro -l-n ap h th y lam in e in  p y r id in e .
V)f
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The bromination o f  o l-naphthalides i s  th ere fo re  in  marked 
co n tr a st to  n i t r a t io n .  hereas three n itr o  groups can be 
introduced with e a se , on ly  d i-brom ination  can occur and sp ecia  
co n d itio n s  are n ecessary  for the entry o f one bromine in to  the
2 -  p o s it io n . S te r io  fa o to rs  ounntt account for  the fa i lu r e  o f  
o/-n&phtha 1 1  des to  undergo brom ination in  the 2 -  p o s it io n  by 
ordinary methods, s in c e  n itr a t io n  takes p la ce  e a s i ly  in  th is
p o s it io n . Moreover, the p resen t r e s u lts  on the bromination
en.e
and n itr a t io n  o f  d isu lphonyl d e r iv a tiv e s  o f m-pheny ^ diamine, 
(where s te r io  fa o to r s  might be thought to  p la y  an even g rea ter  
p a r t ) ,  show c o n c lu s iv e ly  th at the ortho p o s it io n s  are fa r  from 
blocked. N itr a t io n  o f  d i-^ -to lu e n e -su ip h o n y l-  and d i - j ln i t r o  
benzene-sulphon-a^pheuylene diam ines (LXaV IH ) and (L k v J ) gave 
f i r s t  the 4 :6 -  d in itr o  d e r iv a t iv e s  (LXX1X) and (LXAaI I )  and
6 0 .
These compounds underwent fu rth er  n itr a t io n  to g iv e  2 :4 :6 -  t r i -
n itr o  d i-^ -n itr o -j i- to lu c r e  su lp h on yl- and 2 :4 :6 -  t r in it r o  d i -
mMiitro benzene su lphonyl-a-phenylene diam ines (LaA\.) and
(LXXX1 1 1 )* , v
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iiromination o f coaxpouud (L X iV lll) gave analogous r e s u l t s .  
In chloroform or p y r id in e , w ith two laoleouLar proportions o i  
bromine, the 4 :6 -  dibromo d e r iv a tiv e  (LA^IV) was produced, a,+d 
bromination o f t h i s  by e ith e r  o f  th ese  methods gave the 2 :4 :6  
tribromo d e r iv a tiv e  (LXXXV).
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The d if fe r e n c e s  between bromination amd n itr a t io n  o i Z -  
naphthaiides have an in te r e s t in g  analogy in  the reactions o i
2-m -nitro benzene sulphonamido d iphenyl. B e l l  has shown ( £ . ,  
1930,1071) th a t th is  substance undergoes f a c i l e  t r in i t r a t io n ,  
whereas 2 -p -to iu e n e  sulpuoiiamido d iphenyl, in  chloroform so lu ­
t io n ,  undergoes mono bromination on ly , to g iv e  the 5-bromo
d e r iv a t iv e , mid the la t t e r  in  p yrid in e fu rn ish es the 3 :5 -  d i -  
bromo d e r iv a tiv e  ( B e l l , £ . ,  1931 ,2340).
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The bromination o f j)-to lu en e  silpxon-2-naph th at ide o f fe r s  
no departure from a n t ic ip a t io n . This compound g iv e s  the 1 -  
bromo- d e r iv a tiv e  (LXXXVi) w ith one m olecular proportion  o f  
bromine m  chloroform  so lu t io n , and B e ll  (£ .,1 9 3 2 ,2 7 3 2 )  has re­
corded the form ation o f th e 1 : 6 -  dibromo d e r iv a t iv e  ( L a a a V I I I )
by t h is  method, u sin g  two m olecular p roportions o f bromine
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Bromination in  p yrid in e  however fo llo w s a d if fe r e n t  course, 
B e ll  ( l o o .o i t «) found th a t by t h is  method the 1 :3 -  dibromo com­
pound (LXaaVIII) was formed, mid th a t 1 : 6 -  dibroao-jfc-toluene 
sulph on -2 -naphtha I id e  by bromination in  p yrid in e  formed the  
1 :6 :3 -  d e r iv a tiv e  (L aaaIa).
T his type o f rea o tio n  has been extended to  1 -n itro -jg .-to l­
uene su lphon-2 -n a p h th a iid e . I t  has now been found th a t th is  
compound g iv e s  the analogous 3-broao d e r iv a tiv e  (AC). The 
amine (ACi) obtained by h y d ro ly sis  o f th is  was deaminated by 
the method o f hodgson & ta lk e r  (£ . ,1933,1620) to  g iv e  1 -n itr o -
3-brom o-naputhalene, which was id e n t ic a l  with th a t g iven  by the  
deamination o f 2 :b rom o-i-n itro -l-n ap h th a lym in e. This substance 
has been d escribed  by V esely  & Ohudoallow (Chom.hiatv 1925.19. 
260). l - ^ i t r o - 3 -bromo-2 r to lu en e  sulphon-2 -n ap h th alid e was 
fu rth er o r ien ted  by the fa c t  th a t i t  was id e n t ic a l  with the 
n itr a t io n  produot o f  3 -brom o-j£-toiuene-3 ulpLon-2 -n ap hthalid e  
(SD11), the la t t e r  being obtained from 3-bromo-2-naphthyl&mine, 
the preparation  o f whioh has been d escribed  (page 3% ) #
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I t  i s  p o ss ib le  th erefo re  to  introduce a su b st itu e n t in  
p o s it io n  3 -  to  a r e a c tiv e  group in p o s it io n  2 - ;  bromination in  
p y rid in e  being a homonuolear p ro cess . i t  i s  remarkable th a t 
the e f f e c t  o f the n eg a tiv e  p o le  cannot be tran sm itted  from one 
rin g  to  another.
To ga in  fu rth er inform ation upon the meohaniaai o f th is  re­
a c t io n  the bromination o f j£ -to iu en e-eu lp h o n -a a ilid e  in  p yrid in e  
was in v e s t ig a te d . I t  was found th a t a mixture o f bromo d e r i-
v a t iv e s  r e su lte d , whioh could not be separated , but h y d r o ly sis  
o f  t h is  mixture gave 2 :4 -  dibromo- and 2 :4 :6 -  tribrom a n i l in e ,  
hence i t  appears probable th a t bromination in  p yrid in e  oan 
ooeur through eleo trom erio  mechanisms and i f  t h i s  be so the  
n eg a tiv e  p o le  f a c i l i t a t e s  th e  operation  o f  such mechanisms, so 
th at in  p -n ap h th a iid es the normal 1 : 6 : 8  a c t iv a t io n  are now con­
v er ted  to  1 :3 - a c t iv a t io n s : -
6 3 .
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I t  i s  noteworthy th a t bromine in p yrid in e  i s  o f  l i t t l e  use  
as a brominating agen t, u n le ss  such a group as -NiiSGgrt i s  pre­
s e n t . 2 -Naphthyl-j2r to lu e n e  sulphon&te and even 2 -a o e t  naph­
th a lid e  were recovered  unchanged a f te r  such treatm ent. There­
fo re  i t  i s  p o s s ib le  th a t t h i s  type o f s u b s t itu t io n  may be brought 
about through the agency o f aa a d d itiv e  e f f e c t .
J u st as </-naphth& lides, in  th e ir  re a c tio n s  with n i t r i c  acid  
and bromine, are c lo s e ly  comparable to 2 -d ip h en y l a a i l id e s ,  so 
B -naphthaiides are very s im ila r  to  4-d iphenyl a n i l id e s .  4-j>- 
to lu en e  sulphon ami do diphenyl brommates by ordinary methods 
f i r s t  in  the 3 -  p o s it io n  and then in  the 4*-, and the la t t e r  in  
p y rid in e  brom inates fu rth er , in  the 5 - p o s it io n  to  g iv e  3 :5 :4 *  
tr ib rom o-4-^ -to lu en e sulphonamido diphenyl (B e l l  ,£ •,1 9 2 3 ,2 7 7 8 ;
1 9 3 0 ,1 0 7 6 ). —  '  *
^    > W r
* \  A"**”  \  / .. hfo
~*HT
' 6 r
As i n  th e  n a p h th a le n e  s e r i e s  t h i s  ty p e  o f  r e a o t i o n  i s  
h o ia o -n u o le a r ,  a s  th e  f o l lo w in g  show ( B e l l . l o o . c i t . ) : -
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L ik e  t r o  ben s a n e  - su  Iplioim apli th a  1 i  d e , M -a -n itro b e iiz e u e -
s u J p L o n a a id o - ii ip h e n y l i s  c a p a b le  o f  t r i n i t r a t i o n  ( b e l l . l o o . c i t .)
_ v   m>i — +  “t o  - r t  > x— .to
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The en h an eed  r e a c t i v i t y  o f  t h e  su lp h o m u aid o  g ro u p  in  p y r i ­
d in e  i s  f u r t h e r  i l l u s t r a t e d  by th e  fo rm a tio n  o f  io d o  d e r i v a t i v e s  
I t  h a s  b een  fo u n d  t h a t  £ - t o l u e n e  s u lp h o n - 2 - n a p h th a l id e  in  p y r i ­
d in e  g iv e s  th e  1 - io d o  d e r i v a t i v e  w ith  i o d i n e ,  io d in e  c h l o r i d e ,  
o r  io d in e  t r i c h l o r i d e .  T h is  compound r e a d i l y  r e a c t s  w ith  
sodium  n i t r i t e  in  a c e t i c  a c i d  to  g iv e  t h e  1 - n i t r o - n a p h t h a l i d e ,  
a  r e a o t io n  w hioh s e r v e s  t o  d e te rm in e  i t s  c o n s t i t u t i o n
T to # ^
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j j - T o lu e n e - a u lp h o n - j i - to lu id id e ,  2 - j£ - to lu e n e  su lp h o n a m id o - 
d ip h e n y l  an d  4 - j> - to lu e n e  su lphonam ido  d ip h e n y l  a l s o  g a v e  io d o  
d e r i v a t i v e s  by any  o f  t h e s e  m ethods:
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i n  a l l  th e s e  o a s e s  t h e r e  was no i n d i c a t i o n  o f  th e  p r e s e n c e
o f  oh lo ro  d e r i v a t i v e s  w ith  io d in e  o h lo r id e  an d  t r i c h l o r i d e  show­
er C lu­
in g  t h a t  t h e s e  r e a g e n ts  r e a o t  a s  1->C1 a n d  I->U1*-
8+ S- ^ ^ C l l '
d e c t lo n  > . The f e e b l e  a c t i v a t i n g  in f lu e n c e
< w 4 < k  j x s m *
Rep l a c  emeu t  o f  t h e  am ino h y d ro g e n  in  t l ie  su lp h o n am id o  g ro u p  
by a  f u r t h e r  s u lp h o n y l  r e s id u e  s h o u ld  en o rm o u sly  d e c re a s e  th e  
o e le n d in g  pow er o f  t h e  g ro u p , a n d  th e  d i  su lp h o n am id o  g ro u p  sh o u ld  
Have an  o r i e n t i n g  p ow er o f  th e  same o r d e r  a s  th e  su lp h o n o x y  
g ro u p . Each g ro u p  may be c o n s id e r e d  a s  a  c o m b in a tio n  o f  A an d
a - + S o Ln
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B tq p e s  a n d  t h e  lo n e  p a i r  o f  e l e c t r o n s  o f  t h e  n i t r o g e n  atom  w i l l  
s t i l l  be a b l e  to  g iv e  r i s e  t o  e i e o t r o m e r io  d is p la c e m e n ts  i n  th e  
n u o le u s ;  m o re o v e r, ow ing to  th e  c u m u la t iv e  B e f f e c t s  o f  th e  
two s u lp h o n y l r e s i d u e s  i t  m ig h t be e x p e c te d  t h a t  t h i s  g ro u p , 
l i k e  th e  su lp h o n o x y  g ro u p  s h o u ld  be f e e b ly  p a r a  d i r e o t i v e .
I n  o th e r  w ords t h e  t o t a l  e f f e o t  i s  ^1  -E  d ie  r e  I  i s  v e r y  l a r g e  
an d  fi s m a l l .
The o r i e n t i n g  pow er o f  t h i s  s u b s t i t u e n t  h a s  now b een  com­
p a re d  w ith  t h a t  o f  m e th y l an d  i t  i s  shown t h a t  th e  l a t t e r  
g o v e rn s  th e  p o s i t i o n  o f  s u b s t i t u t i o n .
N i t r a t i o n  o f  d i - a - n i t r o  b en zen e  s u lp L o n a u i l id e  u n d e r  v ig ­
o ro u s  c o n d i t io n s  y i e l d e d  a  m ix tu re  o f  £  an d  m- n i t r o  d e r i v a t i v e s  
(:X 1 1 1 ) an d  (XC1V), w h i l s t  n i t r a t i o n  o f  d i s u lp h o n - ^ r  and  j £ - t o l -  
u id in e s  r e s u l t e d  i n  th e  n i t r o  g ro u p  e n t e r i n g  a  p o s i t i o n  £ -  o r  j£ - 
to  t h e  m e th y l g ro u p  (.XV ) ( .X V I) an d  ( .X V I I ) .  T hese  r e s u l t s  
a r e  co m p arab le  w ith  th o s e  o f  B ra d y , ^juiok & W l l i g g  ( £ . ,1 9 2 5 ,  
1 2 7 .2 3 6 4 ) on t h e  n i t r a t i o n  o f  th e  c o r r e s p o n d in g  p h th a L & n ils .
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I t  was th o u g h t  t h a t  d i - a - n i t r o - b e n z e n e s u lp h o n - i / -  a n d  Ji- 
n a p h th a l id e s  w ould g iv e  on n i t r a t i o n  a n a lo g o u s  r e s u l t s  t o  th e  
n i t r a t i o n  o f  t h e  c o r r e s p o n d in g  n a p h th y L - s u lp h o n a te s .  T h ese  
com pounds r e a c t e d  o n ly  s lo w ly  w ith  a  m ix tu re  o f  fum ing and  
n i t r i o  a c id s  a t  v a te r - b a th  te m p e r a tu r e ,  bu t no m ethod was fo u n d
to  h y d r o la s e  th e  v e r y  in s o l u b le  p r o d u c t s ,  w hich on a c c o u n t o f  
t h e i r  i n d e f i n i t e  m e l t in g  p o i n t s  w ere p ro b a b ly  m ix tu r e s .  A na­
ly s e s  o f  th e s e  p r o d u c t s  showed t h a t  th e y  w ere m o n o n itro  d e r i ­
v a t i v e s .  i i tn o e  th e  d isu lp h o n a m id o  g ro u p  i s  shown to  be v e r y  
f e e b ly  o r i e n t i n g  in  th e  n a p h th a le n e  a s  w e l l  a s  th e  benzene 
s e r i e s .
e x c e p t  f o r  th e  anom alous b e h a v io u r  o f  ^ - n a p h t h a t i d e s  on 
b ro m in a t io n ,  t h e  s u l  h o n ae iid o , a o e ta ia id o  and  d is u lp h o n a o id o  
s u b s t i t u e n t s  may be p la c e d  i n  th e  f o l lo w in g  o r d e r  o f  d e c r e a s in g  
o r i e n t i n g  pow er.
-lNHJOfpi )  -WlCOii )
O . b u b a t i t u t i o n  in  1 : 5 -  Aauuo .N ap b tk o l.
The n a p h th a le n e  m o le c u le  a p p e a r s  to  be p e c u l i a r l y  s u i t a b l e  
f o r  a  co m p ariso n  o f  o r i e n t i n g  e f f e c t s  e x e r t e d  by two d i f f e r e n t  
s u b s t i t u e n t s  each  i n  a  d i f f e r e n t  n u c l e u s ,  b u t  t h e r e  a r e  few  
exam ples o f  t h i s  ty p e  o f  work i n  th e  l i t e r a t u r e .  l i u l e ,  P u r s e l l  
& Brown ( £ . ,1 9 3 4 ,1 6 8 )  h a v e  shown t h a t  8 -b ro m o - an d  8 o h lo r o -  
* - n a p h th o ic  a c id s  n i t r a t e  an d  b ro m in a te  i n  th e  4 -  p o s i t i o n ,  
i n d i c a t i n g  t h a t  a  h a lo g e n  e x e r t s  an  o r i e n t i n g  pow er s u p e r io r  to  
t h a t  o f  a  c a rb o x y l  g ro u p :
6 7 .
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P i o h t e r  & G ageu r (Her* .1 9 0 9 .4 2 .4 7 4 8 )  h a v e  n i t r a t e d  1 - a o e t -
a m in o -8 -n a p h th y l  a c e t a t e  an d  h a v e  shown t h a t  w ith  o o n o e u t r a te d  
n i t r i o  a c i d  th e  4 - n i t r o  d e r i v a t i v e  ( aL V III)  i s  o b ta in e d .  The 
m ethods th e y  em ployed  f o r  o r i e n t i n g  t h i s  compound a r e  o u t l i n e d
b e lo w :-
M M i  o fa
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I t  a p p e a r s  som ewhat s u r p r i s i n g  t h a t  no 2 - n i t r o  d e r i v a t i v e  
was i s o l a t e d ,  s in c e  th e  c o n d i t io n s  o f  n i t r a t i o n  w ere t h e  same 
a s  th o s e  w hich  g iv e  a  go o d  p r o p o r t i o n  o f  2 - a i t r o - l - a o e t  n a p h -  
t h a l i d e  from  / -  a o e t  l i a p h th a l id e .  The a b s e n c e  o f  a  n i t r o  g ro u p  
i n  th e  a c e t a t e  c o n ta in in g  r i n g  i s  to  be e x p e c te d  s in c e  F i o h t e r  
k k u h n e l ( i i e r . .1 9 0 9 .4 2 .4 7 5 1 )  h av e  shown t h a t  v ig o r o u s  c o n d i t io n s  
a r e  n e c e s s a r y  to  n i t r a t e  d - n a p h th y l  a c e t a t e .
S u b s t i t u t i o n  r e a c t i o n s  i n  n a p h th a le n e  d e r i v a t i v e s ,  w here 
th e  same s u b s t i t u e n t  i s  i n  each  r i n g ,  i n d i c a t e  t h a t  th e  naph­
th a le n e  r i n g s  f u n c t io n  a s  s e p a r a t e  b en zen e  n u c l e i ,  a s  t h e  
f o l lo w in g  ex am p les  show .
The n i t r a t i o n  o f  ao en ap h th & q u in o n e  to  g iv e  th e  4 - n i t r o  
and  th e n  t h e  4 : 5 - d m i t r o  d e r i v a t i v e s  (dowait D a v ie s ,£ •  ,1920  u i i. 
13-19; M adyer 8c k a u fm a n .B e r . .1 9 2 0 .5 3 1 2 9 6 ) h a s  b ee n  c o n f irm e d  
by R u le  & Brown ( £ . ,1 9 3 4 ,1 7 1 ) .  The l a t t e r  w o rk e rs  ( l o c . c l t . ) 
r e p e a t i n g  t h e  i n v e s t i g a t i o n s  o f  G raeb e  dc B r io n e s  U ^nnalen .lD Q S . 
3 2 7 .8 4 )  h a v e  shown t h a t  an  a l t e r a t i o n  o f  th e  p e r i - o a r b o n y i s  to
C9.
a n  a n h y d r id e  g iv e s  an  i n t e r e s t i n g  ohange in  o r i e n t i n g  p o w er, so 
t h a t  n i t r a t i o n  o f  p e r i - n a p h t h a l i o  a n h y d r id e  t a k e s  p la c e  in  th e
3 -  an d  6 -  p o s i t i o n s .
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l t  a p p e a re d  o f  i n t e r e s t  t o  n i t r a t e  a  num ber o f  d e r i v a t i v e s  
o f  1 : 5 -  am ino n a p h th o l  s in c e  t h e  l a t t e r  i s  now a  ch eap  commer­
c i a l  p r o d u c t ,  b u t  u n e x p e c te d  d i f f i c u l t i e s  a r o s e  d u r in g  t h e  
c o u r s e  o f  t h i s  i n v e s t i g a t i o n  ow ing to  th e  v e r y  h ig h  i n s o l u b i l i ­
t i e s  o f  some o f  t h e  d e r i v a t i v e s  a in jth e  e a s e  o f  d e c o m p o s it io n  o f  
o t h e r s .
The f i r s t  p r o d u c t  to  be i n v e s t i g a t e d  was th e  d i - m - n i t r o  
b en zen e  s u lp h o n y l d e r i v a t i v e  (AC I X ) .  T h i s ,  u n d e r  m ild  c o n d i t i o n s
o a s i l y  gave  a  d i n i t r o  d e r i v a t i v e ,  w hich u n d o u b te d ly  was 2 : 4 -  
d i n i  t r o - l - m - n i  t r o  - b e n z e n e -  s u lp h o n a n id o - 5 -n a p h th y lH a - n i t r o  ben­
zen e- s u lp h o n a te  ( C ) .  T h is  com pound was so i n s o l u b l e  t h a t  no
o x
S^ScLC^4rt>L
( J X l h ) ( C )
m ethod o f  l i y d r o l i s in g  t o  t h e  am ine c o u ld  be d e v is e d .
The n i t r a t i o n  o f  t h e  d ib e n s o y i  d e r i v a t i v e  (0 1 )  was n e x t  
a t te m p te d .  T h is  compound h a s  been  d e s o r ib e d  by B achs (B o r . * 
1 9 0 6 .3 9 * 3 0 2 6 ) end  i s  f a i r l y  i n s o l u b l e ,  i n  m arked  c o n t r a s t  to  
l - b e n ia m in o - 3 -n a p h th y l  b e n z o a te .  I t  was fo u n d  t h a t  th e  1 : 5 -  
compound g av e  a  d i n i t r o  d e r i v a t i v e  ( O i l )  when warmed w ith
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a c e t i c  an d  n i t r i o  a c i d s .  T h is  d i n i t r o  d e r i v a t i v e  was e x c e p t­
i o n a l l y  i n s o l u b l e ,  b u t  i t  was fo u n d  p o s s i b l e  to  rem ove th e  o -  
b e n s o y l g ro u p  w ith  aq u e o u s  c a u s t i c  so d a  to  g iv e  t h e  n a p h th o l  
( C l l l ) , a l th o u g h  a  f a i r  am ount o f  d e c o m p o s it io n  t a k e s  p l a o e .  
A tte m p ts  t^ h y d r o ly s e  th e  N -b e n z o y l g ro u p  w ere  u n s u c c e s s f u l .  I t  
i s  b e l i e v e d  t h a t  b o th  n i t r o  g ro u p s  a r e  in  t h e  same r i n g  s in o e  
th e  bensam ino  g ro u p  i s  much m ore p o w e r f u l ly  o r i e n t i n g  t h a t  th e
b e n s o a te  g ro u p , an d  c o n d i t i o n s  f o r  n i t r a t i o n  w ere f a i r l y  m ild .
cc c t y ?
( 0 1 )
KJHCoPR
( 0 1 1 1 )
T h is  s u g g e s t io n  i s  s u p p o r te d  by r e s u l t s  o b ta in e a  from  th e  
n i t r a t i o n  o f  l - a e e ta m iu o - 5 - n a  h t h y l  b e n s o a te  (C IV }, w hioh was 
fo u h d  to  be a  m ore c o n v e n ie n t  s u b s ta n c e  t o  work w i th  on ao o o u n t 
o f  i t s  e a s i e r  s o l u b i l i t y .  N i t r a t i o n  i n  a c e t i c  a c i d  tm in  f u r ­
n i s h e d  a  d i n i t r o  d e r i v a t i v e  (UV) to g e t h e r  w ith  a  s m a ll  q u a n t i t y«
o f  d i n i t r o - l - a m in o -5 -u a p h t h y l  b e n s o a te  (UV1), some h y d r o ly s i s  
o f  t h e  N -a o y l g roup  h a v in g  ta k e n  p l a c e ,  d u r in g  n i t r a t i o n .  The 
fo rm e r  was h y d ro ly s e d  by sodium  h y d ro x id e  t o  th e  n a p h th o l  (UV11) 
in  r& tlie r  p o o r  y i e l d ,  ammonia b e in g  r e a d i l y  e v o lv e d  a s  a  r e s u l t  
o f  d e c o m p o s i t io n . i t  was a l s o  fo u n d  t h a t  some o f  th e  N -a o e ty l  
g ro u p  h a d  been  rem oved r e s u l t i n g  in  th e  f o rm a tio n  o f  d i n i t r o  
am ino n a p h th o l  (U V 111). The l a t t e r  was o b ta in e d  a l s o  by t r e a t ­
in g  compound (CV11) w ith  a l o o h o l i c  h y d r o c h lo r ic  a o i d .  T h is  
d i n i t r o  am ino n a p h th o l  g av e  w ith  two m o le c u la r  p r o p o r t i o n s  o f  
m - n i t r o -b e n s e n e  s u lp h o n y l c h l o r id e  a  compound i d e n t i c a l  w ith  
(C IA ); h e n c e  i t  i s  a lm o s t  c e r t a i n  t h a t  b o th  n i t r o  g ro u p s  a r e
7 1 .
tl ie  d i n i t r o  ooopound ( O i l )  h a s  t h e  s i m i l a r  c o n s t i t u t i o n .
m tO Cti w / k  * * /k
V  * X s / \  A J j X x  / \  X s  / A S
i n  t h e  n a a n )  r i n g  a s  t h e  a o e t a m i u o  s u b s t i t u e n t ,  a n d  b y  a n a l o g y
(CIV) 'Key* (CV) 'c6i AJix>H
►
fa*
(CV11) OH
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rAfbz 70H
( C V l l l )
( O V 1 )
I t  was f u r t h e r  fo u n d  t h a t  compound (C V 1), on a o e t y l a t i o n ,  
r e g e n e r a te d  compound (C V ), h e n c e  n i t r a t i o n  was u n ifo rm .
The compound (CIV) was o b ta in e d  by th e  f o l lo w in g  m e th o d :-
An a t te m p t  was made to  n i t r a t e  compound ( C 1 a )  by th e  
m ethod t h a t  F i o h t e r  8c G ag eu r ( l o o . e i t . ) em ployed  f o r  t h e  1 : de­
com pound, b u t  c u r i o u s l y  enough t h i s  s u b s ta n c e  was r e c o v e re d  
u n ch an g ed  a f t e r  s o l u t i o n  in  c o ld  c o n c e n t r a t e d  n i t r i c  a c i d ,  
w h i l s t  w arm ing w ith  d i l u t e  n i t r i c  a c id  l e d  t o  d e c o m p o s it io n , 
i t  was a l s o  n o t  fo u n d  p o s s i b l e  to  n i t r a t e  compound (CA) ow ing 
to  d e c o m p o s it io n . H ow ever, compound (cm/) d id  g iv e  a n  a p p a r ­
e n t l y  u n ifo rm  3 *  m o n o -n itro  d e r i v a t i v e  u n d e r  b o th  th e s e  con­
d i t i o n s ,  b u t t h i s  com pound, u n f o r t u n a t e l y  c o u ld  n o t  be o r i e n t e d ,  
ow ing t o  t h e  e a s e  w ith  w hich  i t  decom posed w ith  a l k a l i .  So 
i t s  c o n s t i t u t i o n  c o u ld  n o t  be d e f i n i t e l y  e s t a b l i s h e d .
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i n  s p i t e  o f  t h e  s c a n ty  r e s u l t s  o b ta in e d  from  th e  n i t r a t i o n  
o f  d e r i v a t i v e s  o f  1 :6 -  am ino n a p h th o l ,  i t  a p p e a r s  f a i r l y  c e r ­
t a i n  t h a t  a  f e e b l y  o r i e n t i n g  g ro u p  in  p o s i t i o n  5 - ,  su c h  a s
-OOOU, d o es  n o t  m o d ify  th e  p o s i t i o n s  o f  s u b s t i t u t i o n  
g o v e rn ed  by su lp h o n a m id o , o r  a o y l-a m in o  s u b s t i t u e n t s  i n  p o s i t i o n  
1 - ,  and  in  t h i s  c a s e  th e  m o le c u le  a s  a  w hole  f u n o t io n s  a s  two 
s e p a r a t e  b en zen e  n u o l e i .
U P M , U  S i l h .
A lth o u g h  p r e d i c t i o n  w ith  t h e  a id  o f  th e  E l e o t n u o  T h eo ry , 
o f  c h e m ic a l r e a c t i o n s  i n  th e  n a p h th a le n e  s e r i e s  i s  a  m ore un­
s a f e  p r o c e s s  th a n  w ith  b e n z e n e , th e r e  i s  no d o u b t t h a t  i n t e r ­
p r e t a t i o n  i n  te rm s  o f  e l e c t r o n  b e h a v io u r  i s  s a t i s f a c t o r y  in  
many o a s e s .  m ore l i g h t  w i l l  h av e  to  be th ro w n  on th o  c o n s t i ­
t u t i o n  o f  th e  n a p h th a le n e  m o le o u le  i t s e l f  and  upon t h e  mechan­
ism s o f  t h e  d i f f e r e n t  ty p e s  o f  s u b s t i t u t i o n s .  i t  i s  to o  e a r l y  
to  e x p e c t  a  c o m p le te ly  s a t i s f a c t o r y  e x p la n a t io n  from  th e  e l e c t ­
r o n ic  t h e o r x , b u t t h e r e  i s  no d o u b t t h a t  t h e  d ev e lo p m e n t o f  
t h i s  th e o r y  w hich  i s  now t a k in g  p la c e  w ith  th e  a i d  o f  th e  
p h y s i o l s t  w i l l  i n e v i t a b l y  le a d  to  a  g r e a t  ad v an ce  an d  sy s tem ­
a t i z a t i o n  o f  o r g a n ic  c h e m ic a l k n o w led g e .
The e x p e r im e n ta l  work i s  a r r a n g e d  u n d e r  th e  f o l lo w in g  
h e a d in g * : -
P a g e .
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1 : 3 -  A olno  nap  i t h c l  was p r e p a r e d  f r o a  p e r i - a m in o  n a p L tl ia l -  
e n e - s u lp h o n io  a o id  by th e  raethod o f  i l a i i i | r d  ( f t .  .A -aar.u i w i^ .jou .
. ,|K"
1 9 2 6 ,4 8 ,4 8 3 ) .  P o ta s s iu m  h y d ro x id e  ( 3 0 g .)  a i d  sodium  h y d ro x id e  
( 3 0 g .)  w ere m e lte d  t o g e t h e r  w ith  w a te r  ( 5 0 o .o . )  and  p e r i  a o id  
( 1 0 g .)  a d d e d . The m ix tu re  was g r a d u a l ly  h e a te d  to  250 -  260° 
an d  k e p t  a t  t h i s  te m p e r a tu r e  f o r  1 h o u r .  A f t e r  c o o l in g ,  th e  
s o l i d  was e x t r a c t e d  w ith  h o t  w a te r  an d  th e  f i l t e r e d  a l k a l i n e  
s o l u t i o n s  o f  1 : 8 -  am ine n a p h th o l  u s e d  to  p r e p a r e  th e  f o l lo w in g  
d e r i v a t i v e s : -
8 - a ^ .m U io - l - M H n h th y l  » eu w » t»  by th e  d o h o t t .n - b a u « a n n  
r e a c t i o n .  I t  fo rm ed  l i g h t  brown o b lo n g  p l a t e s  from  a l c o h o l ,  
o r  n e e d le s  from  a c e t i c  a o i d ,  ia .p .2 0 8 ° -  2 1 0 ° . (A & ifo rd  g iv e s  
m .p .2 0 7  -  2 0 8 ° ) .
o -b e i!a m in o -I - f ta D  *tho 1 irom  th e  d ib e n z o y l  d e r i v a t i v e  (a b o v e )  
by h y d r o ly s i s  w ith  sodium  h y d ro x id e  s o l u t i o n ,  io rm ed  p l a t e s  
from  aq u eo u s a l c o h o l  m .p .9 0 8 °*  ( i i a l f o r d  g iv e s  m .p .2 1 6 ° ) .
o b ta in e d  from  t h e  above 
compound, by th e  a c t i o n  o f  a c e t i c  a n h y d r id e  fo rm ed  p l a t e s ,  from  
aq u eo u s a l c o h o l ,  m .p .1 8 2  -  1 8 3 ° . (Mai f o r d  g iv e s  m .p .IS G 0 ) .
s -A c e ta m in o - l-n a .  h t h o l  w as o b ta in e d  by s h a k in g  th e  a l k a l i n e  
s o lu t i o n  o f  a a in o - n a p h th o l  w ith  a c e t i c  a n h y d r id e .  P re su m a b ly  
th e  d i a c e t y l  d e r i v a t i v e  so  fo rm ed  was im m e d ia te ly  L y d ro l ia e d  in  
th ^ h lk a  in e  m edium. A c i d i f i c a t i o n  o f  th e  s o l u t i o n  p r e c i p i t a t e d  
a  w h ite  s o l i d  w hioh a f t e r  c r y s t a l l i s a t i o n  from  aq u eo u s a l c o h o l  
fo rm ed  lo n g  c o l o u r l e s s  ro d s  aa .p .1800 ( d e c ) .  (A & ifo rd  g iv e s  
m .p . l 8 1 ° ) .
b -A o e ta m iu o - l -n a p h th y l  b e n z o a te  hy > e n z o y la tio n  o f  th e  
a  ove compound i n  a l k a l i n e  s o l u t i o n  was o b ta in e d  a s  n e e d le s
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from  aq u e o u s  a l c o h o l ,m .p .  179 -  1 8 3 ° . (F ound : N ,4 .6  
r e q u i r e s  N, t .6 % ). A m ix tu re  o f  t h i s  and 8 - a c e ta m in o - l - n a p h -  
th y l  b e n z o a te  m e lte d  i n d e f i n i t e l y  b e tw een  155 an d  1 6 5 ° . T h e re ­
f o r e ,  b e iiz o y l& tio n  o f  S - a o e ta m in o - l -n a p h th o l  an d  a c e t y l a t i o n  o f
1 -b en zam in o —8 -n a p h th o l  g iv e  two d i f f e r e n t  s u b s ta n c e s .  (A a if o rd  
s t a t e s  t h a t  b e n z o y la t io n  o f  l - u c e ta m in o -8 - n a p h th o l  g iv e s  1—b e n -  
z s m in o -S -n a p h th y l a c e t a t e ) .
l - A c e ta a in o - 8 - n a p h th y l  b e n z o a te  was m a in ta in e d  a t  i t s  m e lt­
in g  p o i n t  (1 8 0  -  190°) f o r  1 h o u r .  The r e s u l t a n t  gum was ex­
t r a c t e d  w i th  b o i l i n g  a l c o h o l  from  whioh t h e r e  s e p a r a te d  c r y s t a l s  
m .p .1 9 4  -  1 9 6 ° . T h is  s u b s ta n c e  was i n s o l u b l e  i n  c o ld  a l k a l i  
an d  gave l a r g e  d e p r e s s io n s  in  m e l t in g  p o i n t  w ith  th e  f o l lo w in g : -
i )  w ith  l - a o e ta ia in o - S - n a p h th y l  b e r z o a te  m .p .1 6 5 -1 7 0 °
i i )  * l - b e n z a m in o -8 -n a p h th y l  a c e t a t e  a . p .  o a  150°
, i i i )  " 1 -b e n z a m in o -8 -n a p h th o l m .p . o a  170°
( i v )  M 1 -a c e ta m in o -S -n a p h th o l  m .p . oa  160°
an d  was p r o b a b ly  compound (.>40) -  page  Alf ) .
(F ound : N, 4 . 5 . ,  C^qIIi j O^N r e q u i r e s  N, 4 .6 % ).
ATTEMPT:? TO Pa BPAAU iilPhENYhdKL.
1 .  By m H&AM (*L- i 1311 . 3 3 1 1 6 1 7 ) .
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S t a g e s
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S e v e ra l  m ethods f o r  t h e  p r e p a r a t i o n  o f  2 : 2 * d i n i t r o  d ip h e n y l  
w ere a t te m p te d .  T h a t o f  U llm aioi 8c F r e n z e l  ( h e r . 1 9 0 5 .£ 8 .7 2 5 )  
by th e  d i a z o t i s a t i o n  o f  o - n i t r a h i i i n e  an d  th e  a c t i o n  o f  c u p ro u s  
c h l o r id e  on t h e  d iazo n iu m  s o l u t i o n  gave  v e ry  p o o r  y i e l d s .
L a rg e  am ounts o f  u - o h lo ro  n i t r o  b en zen e  w ere fo rm ed .
A 33% y i e l d  was o b ta in e d  by  t h e  m ethod o f  N iem en tow sk i 
( h e r . 1 9 0 1 .3  1 .3 3 2 5 ) . w hioh o o n s i s t s  o f  t r e a t i n g  d i a z u t i s e d  o -  
n i t r a n i l i n e  w ith  f r e s h l y  p r e o i p i t a t e d  c o p p e r .
The m ethod f i n a l l y  a d o p te d  was t h a t  o f  L llm an n  ( h e r . .1 9 0 1 . 
3 1 .2 1 7 6 )  i . e .  by  h e a t i n g  q - c h l o r o - n i t r o  b en zen e  w ith  c o p p e r  
b ro n z e .  In  t h i s  way 2 - 2 - k tm i t r o  d ip h e n y l  m .p .1 2 3  -  126° was 
o b ta in e d  i n  o a .3 V  y i e l d .
By th e  r e d u c t io n  o f  t h i s  w ith  t i n  an d  h y d r o c h lo r ic  a c i d  
(N iem e n to w sk i, l o o . e i t . ) .  2 : 2i d ia m in o -d ip h e u y l a i .p .7 8  -  80° was 
o b ta in e d  in  oa.27%  y i e l d .
F o r th e  p r e p a r a t i o n  o f  2:2«Ldibrom o d ip h e n y l  th e  m ethod  o f  
B o b b ie , Fox /  Gauge ( l o e . o i t . ) was em ployed , w hich  o o n s i s t s  o f  
t r e a t i n g  a  h o t  s o l u t i o n  o f  c u p ro u s  b rom ide an d  2 :2 i d iam in o  d i ­
p h e n y l in  h y d ro b ro m io  a c id  w ith  sodium  n i t r i t e .  The y i e l d  o f  
2 :2 J-dibrom o d ip h e n y l ,  m .p.SO 0 , was to  s m a ll  t o  s e rv e  f o r  th e  
p r e p a r a t i o n  o f  0, - d ip h e n y le n e .
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1 1 .  3 t a g 6 8  ~ r  r  „ I  r
o - N i t r a n i i i n e  was d i a z o t i s e d  and  o o n v e r te d  to  o - i o d o - n i t r o
b en z en e  i n  th e  u s u a l  way an d  t h i s  was r e d u c e d  i n  th e  c o ld  w ith
s ta n n o u s  c h l o r i d e  to  g iv e  o - i o d o - a n i l i n e  m .p .5 5  -  5 7 ° .
o -D i- io d o b e n z e n e  was o b ta in e d  from  t h i s  by d i a z o t i s i n g  an d
t r e a t i n g  w ith  p o ta s s iu m  io d id e  s o l u t i o n .  A f t e r  p u r i f i c a t i o n
i t  was a  r a t h e r  d a rk  o i l  w hioh  when s t r o n g l y  o o o le d  f r o z e  and
th e n  h ad  m .p .2 i  -  270^ b o i le d  w ith  s l i g h t  e l im in a t io n  o f
io d in e  a t  280 -  286° ( k o r n e r , J a h r e a b e r i o h t ,1 8 7 5 ,3 1 8 ; 1887 ,711
o
r e c o r d s  m .p .2 7  and  b .p .2 8 6 .5  f o r  t h i s  s u b s t a n c e ) .
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S l i a l i t f t t i o u  o f  I o d in e  by awaits o f  th e  a r i g n a r d  l i e a o t io a .
D iio d o  benzene  ( l o g . )  m agnesium  pow der ( l g . )  an d  an h y d ro u s  
o u p ro u s  c h lo r id e  was r e f lu x e d  in  d ry  i s o - p r o p y l  e t h e r .  The 
r e a c t i o n  was slow  an d  was l e f t  t o  p ro c e e d  f o r  tw e lv e  h o u r s .
The m ix tu re  was p o u re d  on to  i c e ,  and a f t e r  f i l t e r i n g ,  e x t r a c t e d  
w ith  e t h e r .  The aq u eo u s  w ash in g s w ere a l s o  e x t r a c t e d  w ith  
e t h e r .  A f t e r  w ash in g  t l ie  com bined e t h e r i a l  s o l u t i o n  w ith  t h i s  
s o l u t i o n  to  rem ove i o d i n e ,  i t  was d r i e d  o v e r  o a lo iu m  c h l o r i d e .  
A f t e r  rem o v al o f  e t h e r ,  a  d a rk  v is o o u s  p ro d u c t  re m a in e d , w hich  
was e x t r a c t e d  w ith  h o t  b e n z e n e . On d i l u t i o n  w ith  l i g r o i n  a  
s o l i d  was th row n  down, w hioh c o n ta in e d  no io d in e  (so d iu m  fu s io n )  
and h a d  m .p .1 8 9 0 . No d ip h e n y le n e  was o b ta in e d  by t h i s  m eth o d . 
(M an n io h .a e r . .1 9 0 7 .1 0 .1 6 0 :  S o h m id t, S c h u l t z . A n n a le n . 1 8 8 0 .2 0 3 .
1 3 5 , r e c o r d  m .p . l9 4 °  f o r  9 :1 0 - b e n z - p h e n a n th r e n e ) •
U L R I C A  . E V I D E N C E  F O R  3 V £ d h T i U C A U  0 /  M P i m ^  E N D .
1 . P l a  e - o jd d e  fo r ia a t io n  from  1 : 6 : 8- t r i n i t r o - 2-n a j3 h th y la m in e k ,
m - N itr o -b e n z e u e -s u lp h o n - f J -n a p h th a l id e  was c o n v e r te d  to  t l i e  d i n i ­
t r o  an d  th e n  th e  t r i n i t r o  d e r i v a t i v e ,  a c c o r d in g  to  th e  m ethod 
o f  B e l l  ( £ . ,1 9 2 9 ,2 7 8 4 ) .
1 : 6 : 8 - T r in i t r o - m - n i t r o l} e n z e n e s u lp h o n - 2 - n a p h th a l id e  ( 1 6 g .) 
was m ixed w ith  s u lp h u r io  a o id  ( 9 6 o .o . )  and  w a te r  ( 1 3 c .o . )  an d  
warmed on t l ie  w a te r  b a th .  The s u b s ta n o e  s lo w ly  d i s s o lv e d  and  
a f t e r  co m p le te  s o l u t i o n ,  c o o le d  below  10° an d  sodium  n i t r i t e  
( 3 . 2 g . )  in  c o n c e n t r a t e d  s u lp h u r i c  a o id  ( l O o .c . )  ad d ed . I c e  
was added  t i l l  a  sam ple  o f  th e  l i q u i d  no lo n g e r  gave  a  p r e c i p i ­
t a t e  o f  th e  am ine on f u r t h e r  d i l u t i o n .  A f t e r  a d d i t i o n  o f  more 
i c e ,  th e  l i q u i d  was f i l t e r e d  i n t o  o a . one l i t r e  o f  w a te r .  A f t e r  
a  s h o r t  t im e  t h e  c l e a r  s o l u t i o n  d e p o s i te d  a  r e d d is h  brown p r e c i ­
p i t a t e  o f  6 : 8 - d i n i t r o - 2 - n a p h t h a l e n e d ia z o - l - o x i d e , w hioh a f t e r
f i l t e r i n g  and  d r y in g  h a d  a  d e c o m p o s it io n  p o i n t  o f  c a .1 1 0 0 .
(F ound ; N, 2 0 .4  r e q u i r e s  N, 2 1 .5 % ). I t  u n d e r­
w ent th e  r e a c t i o n s  o f  a  d ia s o - o x id e  e . g . ,
( a )  d i s s o l v e d  in  c o ld  sodium  h y d ro x id e  s o l u t i o n  w ith  e v o lu t io n
o f  n i t r o g e n .
(b) E v o lv e d  a c e ta ld e h y d e  w ith  b o i l i n g  a lo o h o l  i n  th e  p r e s e n c e
o f  a lum in ium  p o w d er.
( c )  Gave in te n s e  b lu e  c o l o u r a t io n  w ith  r e s o r c i n o l .
2 .  A o e ty la t io i i  o f  1 -b r tm o -  an d  b - u r o ia o -2 --;m p h tiiy laa iu ea . l-B ro m o -
2 -n a p h th y la m in e  was r e c o v e re d  u n ch an g ed  a f t e r  b o i l i n g  w ith  a o e t -  
io  a n h y d r id e .  I t  r e a d i l y  a o e t y l a t e d ,  h o w ev er, when a  d ro p  o f  
c o n c e n t r a te d  s u lp h u r io  a o id  was a id e d  to  a  warm s o l u t i o n  o f  th e  
am ine in  a o e t io  a n h y d r id e .  The r e s u l t i n g  a c e t y l  d e r i v a t i v e  
h ad  m .p .1 4 0 0 , a lo n e  o r  m ixed w ith  a u t h e n t i c  1 - b ro m o -2 -ao e t - n a p h -  
t h a l i d e .
3 - ttro m o -2 -n a p h th y la m in e  (p a g e  ) r e a c t e d  s lo w ly  w ith  c o ld  
a c e t i c  a n h y d r id e .  i t  p a r t l y  d i s s o lv e d  w ith  e v o l u t io n  o f  some 
h e a t  an d  was t h e r e a f t e r  p r e c i p i t a t e d  a s  th e  a c e t y l  d e r i v a t i v e .  
A o e ty la t io n  was ma le co m p le te  by b o i l i n g  w ith  a o e t i o  a n h y d r id e .
On o o o l in g  3-b ro m o -2- a o e t n a p h th a l id e  s e p a ra te d  i n  t h e  form  o f  
c o l o u r l e s s  p a r a l l e l o p i p e d s  m .p .1 7 7 ° . (U nchanged  a f t e r  r e c r y s ­
t a l l i s a t i o n  from  a l c o h o l . )  (F ound : N, Sy C^gh^oONiir
r e q u i r e s  N, 5 .3 % ). A m ix tu re  o f  t h i s  s u b s ta n o e  and o r i g i n a l  
am ine (m .p . 1 7 2 °) m e lte d  o a . l 3 5 ° .
3 .  j h e , o&.  o f  I .jfotejXAt m  l -bruM o and 3-b ro m o -
2- n a n h th y  1 a m in e s . To l-b ro m o -2 -n a p h th y la m in e  (1  m o l.)  i n  p y r i ­
d in e  s o l u t i o n ,  was ad d ed  £ - to lu e n e s u ip b o n y l  o h io r id e  (1  m o l.)  
a n d  th e  s o l u t i o n  a l lo w e d  to  s ta n d  f o r  a  w eek. A f t e r  rem o v a l
o f  p y r i d i n e  w ith  d i l u t e  h y d r o c h lo r ic  a c i d ,  t h e  r e s id u e  was ex ­
t r a c t e d  w ith  b o i l i n g  a lo o h o l .  From th e  s o l u t i o n ,  l - b ro ;a o -£ -
7 7 .
to lu e n e s u ip h o n - 2 - n a p h th a l id e ,  m .p .lO G 0 , c r y s t a l l i s e d .  The i n ­
s o lu b le  r e s i d u e ,  w hioh was 1- b r o a o - d i - p - t o i u e u e s u iohoD -2- n a p h -  
t h a l i d e  c r y s t a l l i s e d  from  a i c o h o l i o  p y r id in e  in  lo n g  p r is m s  a . p .  
182 -  1 8 4 ° . (F o u n d : N, 2 .6 6  C24h20°4Ns 2i i r  r e q u i r e s  N, 2 .6 4  ) .  
T liis  s u b s ta n c e  was p r e p a r e d  a l s o  from th e  i n t e r a o t i o n  o f  1 -b ro m o - 
j> - to lu e n e a u lp h o n -2 -r ia p h th a « .id e  and  j^ - to iu e n e s u lp h o n y l  o h lo r id e  
in  p y r i d i n e .
3 -3 ro m o -2 ~ n ap h th y lam in e  u n d e r  th e  same c o n d i t io n s  a s  a b o v e , 
gave o n ly  3 -b ro ja q -p -  Uj\$, f i n e  n e e d le s
from  a l c o h o l ,  m .p .1 2 7  -  1 2 9 ° . (F ound : K, 3 .8  C ^H ^O gN oB r
r e q u i r e s  N, 3 .7 % ).
R e d u o tio a  o f  1 : d-(U b r(ja io -2 -i,-au h U » y laa itie . ( S . .  p ag e  98 ).
7 8 .
... TA’flQM o f  MTRATlOtt PRO WOTS! o f  KAPMTBIli-M-KITflfl
BENZENE SCLPUOhiVTES. ( I n  c o l l a b o r a t i o n  » i t h  D r .E .B e l l ) .
4 -N 1 t r o - B- n a n h t h o l .
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jB ^ T e lu e u esu ip h o n -aC -u a p h th a lid e  was p r e p a r e d  from  th e  a c t i o n  
o f  j>- to lu e n e  s u lp h o n y l o h lo r id e  on ^ - n a p h th y l  am ine in  t h e  p r e ­
se n c e  o f  fu s e d  sodium  a o e t& te  (M organ dc E v e n s , J .  . 1 1 5 .1 1 2 7 ) an d  
n i t r a t e d  to  g iv e  th e  2 : 4 - d i n i t r o  d e r i v a t i v e  ( i b i d . ) .
The d i n i t r o  n a p h th a l id e  was h y d r o l i s e d  i n  s t r o n g  s u lp h u r ic  
a o id  and  c o n v e r te d  t o  4 - n i t r o - l - n a p h t h a l e n e  d ia z o - 2 - o x id e  by 
t r e a t i n g  w ith  sodium  n i t r i t e  and  d i l u t i n g  w i th  w a te r .
T h is  was c o n v e r te d  to  4 - n i t r o - 2 - n a p h t h o l  by r e f i u x i n g  w ith  
a lo o h o l  i n  th e  p r e s e n c e  o f  a lu m in iu m  p o w d er. I t  was th u s  ob­
t a i n e d  in  s m a ll  y i e l d  and  h a d  m p .116 -  1 2 0 ° . (m o rg a n .lo o  d t . )
g iv e s  m .p . l 2 0 ° ) .
4 - N i t r o - 2 - n a p h th o l  was c o n v e r te d  t o  th e  j$ - n i t r o  b e n z e n e -  
s u lp h o n a te  and  w ith  fum ing  n i t r i o  a o id  i t  f u r n i s h e d  th e  4 : 5 -  
d in ib r o  d e r i v a t i v e ,  m .p .2 1 2 ° , T u la  was i d e n t i c a l  w ith  th e  
p r o d u c t  from  th e  n i t r a t i o n  o f  5 - n i t r o - 2 - n a p h th > l - ^ - n i t r o - b e n * e n e  
s u lp h o n a te  i n  fum ing  n i t r i c  a o i d .
8 0 .
I i .  4 : 5 -  am i 4 : .8 -P .in it lro -»H iM »h tfco l« .  Two m e th o d , o f  p r o jw x a t io n  
w ere t r i e d .  The f i r s t ,  due to  G raeb e  fit O s e r  ( A u n a le n ,1 9 0 4 , 
£ 3 5 ,1 5 4 )  o o n s i s t s  o f  o o n v e r t in g  1 : 5 - d i n i t r o  a n d  l : 8 - d i n i t r o  
n a p h th a le n e s  t o  B ^ n i t r o - 4 - n i t r o s o  and  5 - n i t r o - 4 - n i t r o s o - / - n a p h -  
t h o l s  r e s p e c t i v e l y  by fum ing  s u x p h u r io  a o id ,  b u t  a l th o u g h  good 
y i e l d s  o f  th e  n i t r o s o  com pounds w ere o b ta in e d ,  r e p e a te d  a t t e m p ts  
to  o x i d i s e  th e s e  w ith  p o ta s s iu m  f e r r i - o y a n i d e  p ro d u c e d  n e g a t iv e  
r e s u l t s .  O x id a t io n  w ith  o t h e r  o x id i s in g  a g e n ts  f a i l e d  a l s o .
1 :5  and  1 :8  d i n i t r o  n a p h th a le n e s  w ere o b ta in e d  by n i t r a t i o n  
o f  ( / - n i t r o - n a p b t h a l e n e  in  c o n c e n t r a t e d  s u lp h u r io  a o id  an d  s e p a ­
r a t i o n  o f  t l ie  is o m e rs  by m eans o f  s u lp h u r ic  a o id  a c c o rd in g  to  
th e  m ethod o f  F r i e d l a n d e r  (B e r . .  1 8 9 9 .3 2 .3 5 3 1 : B a t . P . ,  1 1 7 3 6 8 ) . 
The b u lk  o f  1 :5  d i n i t r o  n a p h th a le n e  m .p .2 1 1 ° , c r y s t a l l i s e d  from  
th e  s u lp h u r ic  a o id ,  w h i l s t  l : 8 - d i n i t r o  n a p h th a le n e ,  m .p .169-170°, 
re m a in s  in  s o l u t i o n .  The r a t i o  o f  th e  two is o m e rs  was a p p ro ­
x im a te ly  1 :1 .
The se co n d  m ethod  a d o p te d  f o r  th e  p r e p a r a t i o n  o f  th e  d i ­
n i t r o  n a p b th o ls  was by r e p la c e m e n t o f  h a lo g e n  i n  1 :5  and  1 : 8 -  
d i n i t r o  h a lo  n a p h th a le n e s  a o o o rd in g  to  th e  m ethod  o f  U llm ann 
& Consonno ( B e r . ,1 9 0 2 ,3 5 ,2 8 0 7 ) ;
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5 -h i t ro -M -b ro m -n a p h th a le n e ,  m .p .1 1 9  -  1 2 0 ° , was p r e p a r e d  
by b ro m in a t io n  o f  t f -n i t ro n & p h th a le n e  ( G u a re s o h i ,  A a u a le n .1 8 8 4 . 
2 2 2 .2 9 1 ) .  T h is  was c o n v e r te d  to  th e  4 :5 7 t l - b r o a o - n a p h th a le n e ,  
m .p .169 -  1 7 1 ° , by n i t r a t i o n  w ith  fum ing  n i t r i o  a c i d .  I t  was 
fo u n d  t h a t  t h i s  c o u ld  be o b ta in e d  a l s o  by th e  d i r e o t  n i t r a t i o n  
o f  < /-b ro m -n ap h tL a le n e  i t s e l f .  10 o .o .  was ad d ed  d ro p  by d ro p  
to  fum ing  n i t r i c  a c i d  ( 2 0 c .o . )  c o o le d  i n  i c e ,  an d  th e  o i l y  
l i q u i d  t r e a t e d  w ith  a  f u r t h e r  q u a n t i t y  o f  n i t r i o  a c id  ( 2 0 o . c , ) .  
A f t e r  s t a  d in g  f o r  t  h o u r  a t  room te m p e r a tu r e ,  a o e t io  a o id  
( 2 0 o .o . )  was a d d e d , when th e  d i n i t r o  compound c r y s t a l l i s e d  o u t .  
A f t e r  r e c r y s t a l l i s a t i o n  from  a o e t i o  a c id  i t  h a d  m .p .169 -  171° 
i d e n t i c a l  w ith  a b o v e .
4 ; 5 - i ) i n i t r o - l - n a p h t h o l . C o n tra ry  t o  lil lm a n n  & C onsonna 
( l o o . o i t . ) .  th e  a c t i o n  o f  50% a lo o h o l  on th e  d i n i t r o  b ro m -n ap h - 
t h a l e n e  in  th e  p r e s e n o e  o f  sod ium  c a rb o n a te  a t  135° f o r  5 h o u rs  
g av e  m o s t ly  4 : 5 - d i n i t r o - l - e t h o x y  n a p h th a le n e ,  m .p .1 8 2 0 , .  T h is  
was a l s o  fo rm ed  u n d e r  l e s s  d r a s t i c  c o n d i t io n s  v i s . ,  by r e f l u x -  
in g  th e  d i n i t r o  brom n a p h th a le n e  w ith  a lo o h o l  an d  p o ta s s iu m  
c a rb o n a te  f o r  s e v e r a l  h o u r s .
4 : 5 - O i n i t r o - l - e t h o j ^  n a p h th a le n e  was i d e n t i c a l  w ith  th e  
e t h y l a t e d  d i n i t r o  n a p h th o l  from  t h e  n i t r a t i o n  o f  4 - n i t r o - l -  
n a p l i th y l - m - n i t r o b e n s e n e s u lp h o n a te .  The l a t t e r  w ith  fu m in g  
n i t r i o  a o id  g av e  th e  4 : 5 - d i n i t r o  d e r i v a t i v e ,  m .p . 1 7 4 ° . T h is
was s e v e re d  by p i p e r i d i n e  to  4 : 5 - d i n i t r o - i - n a p h t h o l ,  m .p .1 9 8 ° ,  
and  e t h y l a t e d  w ith  e t h y l  s u lp h a t e  in  x y le n e  s o l u t i o n  to  g iv e  
t h e  e th o x y  d e r i v a t i v e .
8 1 .
3 2 .
4 : S - d n i t r o - l - N a n h t h o l . C h lo r in a t io n  o f  < / - n i t r o  naph­
t h a l e n e ,  H V p.gave 8 - o h l o r o - l - n i t r o - n a p h t h a l e n e ,  m .p .3 8  -  91° 
(U llm an n , l o o . o i t ) an d  t h i s  on  n i t r a t i o n  w ith  fum in g  n i t r i o  
a o id  f u r n i s h e d  4 : 8 - d i n i t r o - l - o h l o r o  n a p h th a le n e ,  m .p .1 3 2  -  134°. 
L ik e  d in i t r o - b r o m o - n a p h th a le n e ,  h e a t i n g  w ith  a io o h o l  i n  a  s e a l ­
ed  tu b e  gave m o s t ly  th e  e th o x y  b o d y , and  a  s m a ll  am ount o f  
4 : 8 - d i n i t r o - ^ - n a p h t h o l , m .p .2 3 0 ° ( d e c . ) .
S - N i t r o - l - n a p h th y l - m - n i t r o b e n a e n e s u lp h o n a te  w ith  fum ing  
n i t r i o  a o id  f u r n i s h e d  th e  4 : 8 - d l n i t r o  d e r i v a t i v e  an d  t h i s  on 
s o i s s i o n  w ith  p i p e r i d i n e  gave  th e  n a p h th o l ,  m .p .23G ° a lo n e  o r  
m ixed  w ith  t h a t  d e s c r ib e d  a.x>ve.
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2 : 4 - D l iu t r o  N a n h th o l . (M organ , E v e n s ,£ .  ,1 1 5 ,1 1 2 8 ) .  F i n e l y
pow dered  / - n a p h t h e 1 (20g.) was ad d ed  to  c o n c e n t r a t e d  s u lp h u r i c
a o id  ( 4 0 o .o . )  w ith  s t i r r i n g  an d  th e  d a rk  s o l u t i o n  h e a te d  on th e
w a te r  b a th  f o r  15 m in s . ,  d u r in g  w hich tim e  s e p a r a t i o n  o f  th e
d i s u lp h o n ie  a c id  to o k  p l a c e .  The c o o le d  s o l i d i f i e d  m ass was
m ixed  w ith  w a te r  ( 8 0 c .o . )  an d  th e  s o l u t i o n  ad d e d  s lo w ly  to
n i t r a t i o n
c o n c e n t r a t e d  n i t r i c  a c id  (2 4 o .o « )  below  1 0 ° . T h e ^ m ix tu re  was 
th e n  s t i r r e d  f o r  1  h o u r  on th e  w a te r  b a th  an d  t h e  y e l lo w  s o l i d  
f i l t e r e d .
C r y s t a l l i s e d  from  a lo o h o l  2 : 4 - d i n i t r o - / - n a p h t h o l  fo rm ed  
o ra n g e  n e e d le s  135 -  137°* (M, g iv e s  m .p . l 3 8 ° ) .
( a ) .  5 g . w ere
in t r o d u c e d  i n t o  i c e  c o ld  fum ing  n i t r i c  a o id  ( l O o . o . ) .  T ow ards 
t l ie  end  o f  th e  a  i d i t i o n ,  c r y s t a l s  a p p e a re d . A f t e r  s ta n d in g  
f o r  5 m in u te s ,  th e  m ix tu re  was d i l u t e d  w ith  a c e t i c  a c id  ( lO o .o .)  
an d  a f t e r  t  h o u r ,  th e  a lm o s t  p u re  2 : 4 : 5 - t r i n i t r o - l - n a p h t h o l  was 
f i l t e r e d  end  w ashed  w ith  a c e t i c  a o id ,  (m .p .1 8 3 0 )* ^ c r y s t a l ­
l i s e d  from  a c e t i c  a o id  i t  th e n  form ed y e llo w  p r i s m s ,  m .p .1 8 9 0 . 
Tlie m o th e r l i q u o r  was p o u re d  i n t o  w a te r  and  th e  gummy p r e c i p i t ­
a t e  c r y s t a l l i s e d  tw ic e  from  a o e t i o  a c i d .  T he 2 : 4 : 7 - t r i n i t r o -  
/ -u & p h th o l  so o b ta in e d  fo rm ed  y e llo w  n e e d le s ,  m .p . l4 5 ° ( d e o « ) .  
T h is  m ethod s u f f i c e s ,  t h e r e f o r e ,  t o  s e p a r a te  c o m p le te ly  th e  two 
is o m e r s .
The y i e l d s  o f  p u r i f i e d  p r o d u c ts  w ere 2 : 4 : 5  -  2 g . 2 :4 :7  -
0 .8 g .
(b )  D i n i t r o  n & p h th o l ( 5 g . )  was added  in  s m a ll  q u a n t i t i e s  
t o  & m ix tu re  o f  fum ing  n i t r i c  a o id  ( lO o .o . )  and  a o e t i o  a o id  
( l O o .o . )  i n  th e  c o l d .  P a r t i a l  d i s s o l u t i o n  to o k  p l a c e .
8 3 *
A f te r  s ta n d in g  a t  room te m p e ra t  r e  f o r  12 ho rs, th e  y e l lo w  
c r y s t a l l i n e  m a t e r i a l  was f i l t e r e d  and  c r y s t a l l i s e d  from  a o e t i o  
a o id ,  m .p«190o , a* d was t h e r e f o r e  2 :4 :5  t r i n i t r o  n a p h th o l  
( y i e l d  &&•)• The n i t r i c - a c e t i c  a o id  mo t i t e r  l i q u o r  gave  2 : 4 : 7 -  
t r i i i i t r o - V - i  a p h th o l  on d i l u t i o n  w ith  w a te r ,  y i e l d  0 .9 g . ( m .p . l 4 5 ° )  
a f t e r  c r y s t a l l i s a t i o n  from  a c e t i c  a c id .
m e th o d s ( a )  an d  ( b )  ab o v e , t h e r e f o r e ,  s u f f i c e  to  s e p a r a te  
c o n v e n ie n t ly  th e  is o m e r id e s  p ro d u c e d , an d  in  each  c a s e  th e  
r a t i o  o f  th e  iso m e rs  i s  a p p ro x im a te ly  th e  sam e. P r e v io u s  m eth­
ods o f  n i t r a t i n g  2: i - d in i t r o - c / - im p h th o l  h av e  been g iv e n  by 
£ k s t r a n d  ( h e r . .  1878 162) and K ehrm aa, h a b e r k a n t  ( i b i d . .1 8 9 8 .
3 ^ ,2 4 2 0 )  and  S t e i n e r  ( i b i d . .1 9 0 0 . 3 2 8 5 ) . T h ese  w orK ers
u se d  s u lp h u r i c  a o id  a s  th e  n i t r a t i o n  medium and  th e  s e p a r a t io n  
o f  th e  r e s u l t i n g  iso m e rs  i s  a  somewhat t e d io u s  p r o c e s s .
8 4 .
f i-N a p h th o l was n i t r a t e d  in  a o e t io  a o id  to  th e  1 : 6 - d i m  t r o  
d e r i v a t i v e ,  ( B e i l ,1 9 3 2 ,2 7 3 2 )  and  no p u re  o o ip o u n d  was ob­
t a in e d  from  th e  a c t i o n  o f  fum ing  n i t r i c  a c i d  upon t h i s .
B U r .t t . to n  c f  1 -nH .ro -2 -t4 » D h U ty l a th y  I n th f t t .  T h is  ( u .p .
93 -  1 0 2 °) v» a o b ta in e d  by n i t r a t i n g  n ap h th a  1 e t l iy l  e t b e r  in  
a c e t i c  a o id  a c c o r d in g  to  th e  m ethod o f  G aess  («i. .n r  .C heonf 2)
2 2 ;  ^ 5 , 6 1 5 ;  _U5 , 1 6 f ) > .
1 -M itr o - 2 - n a p h th y l  e t h y l  e t h e r  (6 » 5 g » ) was added  to  fum ing  
n i t r i c  a c id  ( I G o .o . )  a t  0 ° .  A f t e r  s ta n d in g  f o r  1 h o u r ,  th e  
s o l u t i o n  was p o u re d  in to  . a t e r  an d  th e  y e l lo w  p r e c i p i t a t e  f i l ­
t e r e d  and  warmed w ith  sodium  c a rb o n a te  s o l u t i o n .  A f t e r  f i l ­
t e r i n g  and d r y m g  th e  c ru d e  p ro d u o t  w eig h ed  7 . e g .  T h is  con­
s i s t e d  o f  a  m ix tu re  o f  l : 6 - d i n i t r o  and l : 6 : 8 - t r i n i t r o - 2 - n a p h -  
t h y l  e t h y l  e t h e r s .  The fo rm e r  was rem oved by e x t r a o t i o n  w ith  
b o i l i n g  b en zen e  from  w hioh i t  c r y s t a l l i s e d  on c o o l in g ,m .p . l4 4 ° .
The i n s o l u b l e  p o r t i o n ,  m .p .1 8 3  -  1 8 5 ° , was m a in ly  th e  
l : 6 : 8 - t r i n i t r o  e t h e r .  I t s  m .p . was 186 -  1 8 7 ° , a f t e r  o r y s t a l -  
i s a t i o n  from  a c e t i c  a c i d  ( l i g h t  y e l lo w  f l a k e s ) .
>romjLn&Uon o f  dr | g j  fi-NaPhth... 1-m-n it .ro  bei- c lu iu o u a te s .
< /-N ap h th y i m - n i t ro b e n z e n e s u lp h o n a te  ( 1 0 g . )  was m ixed w ith  
c h lo ro fo rm  ( 2 0 o .o . )  and  b ro m in e  ( 5 .4 g . )  in  c h lo ro fo rm  ( 5 c . c . )  
was a d d e d . On h e a t in g  u n d e r  r e f l u x ,  h y d ro g e n  b rom ide was 
e v o lv e d  and  th e  s u lp h o n a te  d i s s o l v e d .  A f t e r  a b o u t two h o u r s ,  
e v o lu t io n  o f  h y d ro g e n  b rom ide h ad  c e a s e d , and  on c o o l in g ,  
c r y s t a l s  o f  4 - jro m o - l -n a n h th v  I m- n i t r o b o .  sensau .lnhonftte . s e p a r ­
a t e d  m .p .148° ( 3 . 5 g . ) t u n ch an g ed  a f t e r  r e c r y s t a l l i s a t i o n  from  
a c e t i c  a o id .  (F o u n d : B r ,1 9 .2  OigHioGsNGBr r e q u i r e s  B r ,  1 9 .6 /) . 
The c h lo ro fo rm  m o th e r l i q u o r  was e v a p o ra te d ,  an d  th e  r e s id u e
8 5 .
o r y s t a L l l s e d  tw ic e  from  a c e t i c  a o id .  I n  t h i s  way a  f u r t h e r  
2 .5 ® . o f  bromo d e r i v a t i v e  w ere o b ta in e d .
O r i e n t a t i o n . The bromo compound ( 3 g . )  was a d d e d  to  p ip ­
e r i d i n e  and  l e f t  f o r  one h o u r  011 th e  w a te r  b a th .  Tlie s o l u t i o n  
was d i l u t e d  w ith  w a te r ,  f i l t e r e d  from  t h e  p r e c i p i t a t e d  j f n i t r o -  
b e n z e n e s u lp h o n y l p i p e r i d i n e  ( m .p . l2 4 ° ) ,  an d  th e  f i l t r a t e  n e u t ­
r a l i s e d  w ith  h y d r o c h lo r ic  a o i d .  The guan^y p r e c i p i t a t e ,  a f t e r  
d e s i c c a t i o n  was c r y s t a l l i s e d  tw ic e  from  b en zen e  from  w hich  i t  
s e p a r a te d  a s  n e e d le s ,  m .p . l2 6 ° .  I t  was t h e r e f o r e  4 -b ro m o -z -  
n a p h th o i •
p -N a p h th y l-m -n i tro b e i  z e n e s u lp h o n a te  ( 8 g . )  was m ixed w ith  
c h lo ro fo rm  25 0 . 0 . and  brom ine ( 4 .4 g . )  an d  h e a te d  u n d e r  r e f l u x .  
H ydrogen b rom ide was v e ry  s io w ly  e v o lv e d . A f t e r  t h r e e  h o u rs  
th e  s o lu t i o n  was d i l u t e d  w i th  p e t r o l  and  th e  c ru d e  p r o d u c t  
f r a c t i o n a l l y  c r y s t a l l i s e d  from  a c e t i c  a c i d .
F i r s t  c ro p :  p l a t e s  a . p . 1 1 7 ° . (No d e p r e s s io n  w ith  o r ig in a l ) .
Eecond c ro p : p l a t e s  m .p .1 1 0  -  112° (No d e p r e s s io n  w ith
o r i g i n a l ) .
T h ird  c ro p :  T h is  was o b ta in e d  a f t e r  le a v in g  th e  m o th e r
l i q u o r  to  s ta n d  f o r  12 h o u r s .  A sm a ll am uunt o f  o r y s t a l s  
s e p a r a t e d , m .p .1 1 9  -  1 2 5 ° , w hich  gave  a  l a r g e  d e p r e s s io n  w ith  
o r i g i n a l  s u b s ta n c e ,  an d  h a d  m .p .l2 8 °  a f t e r  r e o r y s t a l l i s a t i o n  
from  a o o h o l .  T h is  was a  mono-bromo d e r i v a t i v e . ( F u n d  h r :
1 9 .4  Oi^hjjgO^vGBr r e q u i r e s  B r , 1 9 .6 % ), b u t  was to o  s io a ll  i n  
q u a n t i t y  f o r  f u r t h e r  i n v e s t i g a t i o n .
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(a> To a  f i n e l y  pow dered  s u s p e n s io n  o f  th e  n i t r o  am ine 
( 2 g . )  in  c h lo ro fo rm  ( 1 5 o .o . )  was added  b ro m in e  ( l . b e . c . -  2 .5  
m o ls .)  i n  c h lo ro fo rm  ( 5 o . o . )  d ro  + by d ro p . i l e a t  was e v o lv e d , 
an d  a  g re e n  su e p e n e io n  w as fo rm ed . The m ix tu re  was th e n  r e -  
f lu x e d  f o r  h a l f  an  h o u r ,  d u r in g  which t im e  th e  c o lo u r  ch an g ed  
from  g re e n  to  o ra n g e . No h y d ro g en  brom ide was e v o lv e d  d u r in g  
th e  c o u rs e  o f  b ro m in a t io n .  The c r y s t a l l i s e d  s u s p e n s io n  was 
f i l t e r e d  an d  c a sh e d  w ith  o h lo ro fo rm  t i l l  th e  w ash in g s  w ere 
c o l o u r l e s s .
The s u b s ta n c e  form ed s h o r t  o ra n g e  n e e d le s  w ith  a  s h a rp  
d e c o m p o s it io n  p o i n t  b e tw een  128°and  186° d e p e n d in g  upon  th e  
r a t e  o f  h e a t i n g .  l t  was com pared w ith  a u t h e n t i c  2 :4 -d ib ro m o -  
1- n a p h th a  < e; e d ia s o  p e r  b rom ide (p ag e  90 ) an d  shown to  be id e n ­
t i c a l  w ith  i t .
A n a ly s e s .
1. Found B r: 6 9 .9 ,  hi 5 .2  U ^ o H ^ 2 ^ r ;> r e q u i r e s  B r ,  72.3%
a i d  hf 5 .0 6 ? .
2 . h e a te d  to  d e c o m p o s it io n  p o i n t  an d  l i b e r a t e d  n i t r o g e n  
c o l l e c t e d  and  m easu red  in  a  n i t r o m e te r  ( o v e r  50% KOH).
8 .8 3 7  m .g . gave  0 .3 8 c « o .N o  a t  7 7 7 .5m.m. an d  1 6 ° .
%No e v o lv e d  *  5 .0 3 .  
r e q u i r e s  l o s s  o f  Ng :
3 . harm ed w ith  p o ta s s iu m  io d id e  s o lu t io n  and  l i b e r a t e d  io d in e  
t i t r a t e d  a g a i n s t  h /1 0  t h i s .
0 .5 3 3 9 g . r e q u i r e d  1 3 .8 0 o .e .  N /10 t h i s .
iB r^  l i b e r a t e d  *  2 8 .1  
C^QligNgBr^ r e q u i r e s  l o s s  o f  B rg : 28.8% .
R e a c t io n s . B o th  t h i s  an d  a u t h e n t i c  d ia z o  p e rb ro m id e  
u n d e rw en t t l ie  f o l lo w in g  r e a c t i o n s  t o  g iv e  J . :2 :4 - t r ib r o m o  naph­
th a le n e  m .p .1 1 2  -  1 1 3 ° . (No n i t r o g e n  p r e s e n t .  Found: B r ,
6 4 .5  ^io**5 ^ r 3  r e q u i r e s  B r , 6 5 .7 5 % ).
1 . h e a te d  to  d e c o m p o s it io n  p o i n t  and r e s id u e  c r y s t a l l i s e d  
from  a lc o h o l  o r  a o e t i o  a o id .
2 . R e a c te d  v i o l e n t l y  w ith  p y r i d i n e .  L a t t e r  was rem oved and  
r e s id u e  c r y s t a l l i s e d .
3 . D is s o lv e d  s lo w ly  i n  b o i l i n g  a c e t i c  a o id  o r  a c e t i c  a n h y d r id e .  
On c o o l in g  tn b r o m n a p h th a le n e  was o b ta in e d .
The s u b s ta n c e s  from  (1 )  (3 )  an d  (3 )  above g av e  ne  d e p re s ­
s io n  i n  a . p .  w ith  eaah  o t h e r  o r  w ith  a u t h e n t i c  t r ib ro m o  n a p h th a ­
l e n e .
( b )  To a  s u s p e n s io n  o f  4 -n i t ro -< /- i ia p h th y la m in e  ( lO g .)  in  
a o e t io  a o id  ( 5 0 o .c . )  was g r a d u a l ly  a d d e d , w ith  a g i t a t i o n ,  b ro ­
m ine ( 4 , 4 c . c . )  in  a o e t io  a o id  ( 3 0 o . o . ) .  The p a s t y  r e a c t i o n  
m ix tu re  was r e p e a te d l y  sh a k en  d u r in g  30 m in s . ,  and  t h e r e a f t e r  
f i l t e r e d .  The p r e c i p i t a t e d  m a te r ia l  s e p a r a te d  from  a l c o h o l i c  
p y r id in e  in  o r a n g e - r e d ,  d a g g e r-s h a p e d  n e e d le s  ( 7 g . )  m .p .249° 
( d e c . ) .  T h is  was 2- ; r c j o - l- n i  t r o - M- n a ^ l> th  v , a ia in e . (F ound:
N ,1 0 .2  ' ^ 2 ^ r  re ( lu ^r e s  1 0 .5 % ). From th e  a o e t i o  ao id
m o th e r l i q u o r  t h e r e  was d e p o s i t e d ,  a f t e r  s ta n d in g  f o r  12 h o u r s ,  
a  s m a ll q u a n t i t y  o f  th e  di& zo p e rb ro m id e , i d e n t i c a l  w ith  t h a t  
from  ( a ) .
3«»Gromo-4 - n l t r o - l - a o e tn a p h th a  1 id e  was o b ta in e d  by a e e t y l a -  
t i o n  o f  th e  am ine w ith  a c e t i c  a n h y d r id e  an d  a  d ro p  o f  s u lp h u r i c  
a o id .  C r y s t a l l i s e d  from  a o e t i o  a o id  i t  fo rm ed  y e llo w  n e e d le s ,  
m .p .235 -  2 3 6 ° . (F ound : u'{ 8 .9  rd ilu ir0 S  N , 9 . 1 f ) .
l - N i t r o - 3-broaao n a p h th a le n e . The bromo n i t r o  am ine above 
was d i a z o t i s e d  an d  d e a m in a te d  a c c o rd in g  t o  th e  m ethod o f  Hodg­
so n  8c W alker ( £ . ,1 9 3 3 ,1 6 2 0 ) .  A s u s p e n s io n  o f  th e  am ine ( lO g .)  
was ad d ed  to  a  s o l u t i o n  o f  sodium  n i t r i t e  ( 3 g . )  i n  c o n c e n t r a t e d  
s u lp h u r ic  a c id  ( 2 0 o . c . ) .  A lc o h o l ( lO O c .c .)  was added  an d  th e  
s o l u t i o n  warmed on th e  w a te r  b a th .  N i t r o g e n  an d  a o e ta ld e h y d e  
w ere e v o lv e d , and  th e n  a l l  v o l a t i l e  l i q u i d s  w ere  d i s t i l l e d  o f f .  
The r e d  gummy m ass re m a in in g  was e x t r a c t e d  w ith  a lc o h o l  an d  
gave  r e d  n e e d le s  o f  i - n i t r o - 3 - b r o m o  n a p h th a le n e ,  m .p .93° and  
m .p .95 -  97° a f t e r  r e o r y s t a l l i s a t i o n  from  a lo o h o l  ( y i e l d  3 .5 g . )  
(V e s e ly  & C h u d o z ilo w , 01 em. L is  t v . .1 9 2 5 .1 9 .2 6 0 . g iv e  m .p .97 -  9 ^ .
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2: i-O ib ro v iu  <\-N aT >hthvlam m e. The p r e p a r a t i o n  o f  2 : 4 - d i -  
bro ;uo-<*-naphthy. am ine from  th e  c o r r e s p o n d in g  a o e tn a p h th a l id e  
i s  d e s c r ib e d  by M e id o la  ( o . . 1 8 3 2 . i f f . 4 : h e r . .1 8 7 8 .1 1 .1 9 0 4 ) .
The l a t t e r  i s  o b ta in e d  by b ro m in a t io n  o f  4 - b ro m o - a o e tn a p h th a l id e  
w ith  b rouune in  a c e t i o  a c i d ,  b u t  t h i s  r e a o t io n  i s  v e r y  s lo w , 
t a k in g  & week f o r  c o m p le t io n . By th e  f o l lo w in g  m ethod 2 : 4 -  
d ib ro m o - l-n & p h th y la a u n e  can  be v e ry  c o n v e n ie n t ly  p r e p a r e d .
h th y la m in e  ( 2 8 g .)  d i s s o lv e d  in  a c e t i c  a o id  ( lO O c .o .)  
was ad d ed  in  th e  c o l d  to  a  s o l u t i o n  o f  b rom ine ( 2 2 c . c . )  i n  a c e t ­
i c  a c i d  ( 2 0 0 o .o . ) .  A p a s ty  g re e n  mass was fo rm ed , an d  l i t t l e  
h y d ro g e n  b rom ide was e v o lv e d . The m ix tu re  was warmed on th e  
w a te r  u&th w ith  a d d i t i o n  o f  a  f u r t h e r  q u a n t i t y  o f  a c e t i c  a o id  
( lO O c .o . ) .  h y d ro g e n  b rom ide was e v o lv e d  an d  th e  p r e c i p i t a t e  
became w h ite .  h e n  no more h y d ro g en  b rom ide was g iv e n  o f f ,  th e  
h y d ro b ro m id e  o f  2 j4 - d ib r o u o - ^ - n a p h th y la a in e  was c o l l e c t e d  an d  
w ashed w ith  a c e t i o  a c i d .  Y ie ld  7 5 g . (100% ).
The s a l t  ( 7 5 g . )  was r e f lu x e d  w ith  a l c o h o l  ( 2 5 0 o .c . )  an d  a  
s o l u t i o n  o f  sodium  h y d ro x id e  (1 0 g .>  in  a  minimum q u a n t i t y  o f  
w a te r  a d d e d . D i s s o l u t i o n  soon  o c c u r r e d ,  an d  a f t e r  f i l t e r i n g  
h o t ,  2 : 4 -d ib ro m o -^ -n a p h th y la m in e , l , | .1 1 6  -  1 1 8 ° , c r y s t a l l i s e d  
a s  b ro w n ish  p l a t e s  ( a c e t y l  d e r i v a t i v e ,  from  a c e t i o  a n h y d r id e  
an d  a  d ro p  o f  s u lp h u r io  a o id ,  m .p .2 2 6 ° ) .  M e ld o la  ( l o c . o i t . ) 
g iv e s  a . p . 118 -  119° a n d  225° r e s p e c t i v e l y .
2 : 4-D ib ro iu o - l - i ia P h th a le i ie  d ia s o  e rb ro m id e . A m o d if ic a ­
t i o n  o f  M e ld o la 's  m ethod ( l o c . o i t . i was t r i e d .  The am ine ( 5 g . )  
was d i s s o lv e d  in  h o t  a o e t i c  a c i d  ( 3 0 o .o . )  c o o le d  r a p i d ly  an d  
th e  c o ld  s u s p e n s io n  added  to  a  s o l u t i o n  o f  sodium  n i t r i t e  ( 1 .2 g . )  
in  c o n c e n t r a te d  s u lp h u r i c  a c id  ( 8 c . o . )  c o o le d  in  i c e ,  l o e  was 
th e n  added  and  t h e  s o l u t i o n  f i l t e r e d .  To th e  d ia s o  s o lu t i o n
9 0 .  ,
was ad d e d  a  s o l u t i o n  o f  b rom ine i n  h y d ro b ro m ic  a o id  t i l l  a  
f i l t e r e d  sam ple  g av e  no f u r t h e r  p r e c i p i t a t e  w ith  b ro m in e . The 
y e llo w  d ia z o  p e rb ro m id e  was f i l t e r e d  an d  p r u i f i e d  by r e f l u x i n g  
w ith  c h lo ro fo rm . I t  decom posed a t  1 3 8 ° . Y ie ld  7 g . Tlie d i -  
a so  p e rb ro m id e  un lerwei t  th e  r e a c t i o n s  d e s c r ib e d  on p ag e  8s
B l +UUTI N o f  4-N lT i& -l -NAThThY!MUinH&
1 . N i t r a t i u n  o f  p -toIuwnss.41ifl»Qn*/ Liia p b t l ia U d e . ( a )  A m ix­
t u r e  o f  n a p h th a l id e  ( 2 0 g . ) ,  a o e t io  a c id  ( lO O o .c .)  an d  c o n c e n t­
r a t e d  n i t r i c  a o id  w ere  sh ak en  t o g e t h e r .  The n a p h th a i id e  r a p id ­
l y  d i s s o lv e d  w ith  e v o l u t io n  o f  h e a t  and a f t e r  a b o u t  20 m in s . 
y e llo w  c r y s t a l s  a p p e a r e d .  T hese  w ere f i l t e r e d  an d  c r y s t a l l i s e d  
from  a o e t i o  a c i d .  The m e l t in g  p o i n t  was low ( o a . l 3 0 ° ) .
S e v e r a l  r e c r y s t a l l i s a t i o n s  from  a c e t i c  a c id  r a i s e ;  t h e  me t i n g  
p o m t  to  140 -  1 4 5 ° . M ixed w ith  a u t h e n t i o  2 : 4 - d i n i t r o  naph­
t h a i i d e  (m .p .1 6 2  -  1 6 5 ° ) ,  t h e  m e l t in g  p o i n t  was e l e v a t e d .
A ll  t l ie  m o th er l i q u o r s  w ere com bined and  d i l u t e d  w ith  
w a te r .  The gummy m a t e r i a l  was d i s s o lv e d  in  b o i l i n g  a lc o h o l  
an d  t l ie  c o ld  s o l u t i o n  f i l t e r e d  from  c r y s t a l s  ( m .p .o a . l4 0 ° > .
The m o th e r  l i q u o r  a f t e r  tw e lv e  h o u r s  d e p o s i te d  d eep  y e llo w  
p l a t e s  (o a .O .D g .)  o f  2- n i t r o - n- to lu e n e a u in h o n - Z- n a n h t l i a l i d e  
m .p .1 5 4 0 . (F ound: N ,8 .2  ^ 1 7 ^ 1 4 ^ 2^ 4^ r e q u i r e s  N, 8.2% )*
T liis  c o n s t i t u t i o n  was c o n f irm e d  by h y d r o ly s i s  w ith  s u lp h u r io  
a c id  to  g iv e  2 - n i i r o - l - n a p h t h y la m in e  m .p .l3 3 °  a lo n e  o r  m ixed 
w ith  an  a u t h e n t i c  sp e c im e n .
(b )  N i t r a t i o n  o f  th e  / - n a p h t h a i i d e  w ith  d i l u t e  n i t r i c  a o id  
y ie ld e d  a  m ix tu re  o f  2 : 4 - d i n i t r o  d e r i v a t i v e  and  unch an g ed  
o r i g i n a l .
2 .  i t  r a t i ,o n  o f  c + - * o o tn a p h tU q d .  qud th o  o /p  r a t i o  tD e r e f r o a .
The e s t  m ethod a f t e r  s e v e r a l  t r i a l s  was fo u n d  to  be oy
9 1 .
n i t r a t i n g  th e  n a p h th a l id e  w ith  c o n c e n t r a t e d  n i t r i o  a o id ,  h y d ro -  
U s i n g  one o f  th e  iso m e rs  by J ie lln a ru i & iie m y 's  m ethod ( B e r . .1 3 8 6 . 
1 9 ,8 0 2 )  and  s e p a r a t i n g  th e  p r o d u c ts  a c c o rd in g  to  th e  d i r e c t i o n s  
o f  M organ & M iO K le th w aite  (£ .,1 9 0 5 ,3 1 7 ,9 2 8 ) .  The f o l lo w in g  i s  
a  t y p i c a l  p ro o e e d u re .
The n a p h th a l id e  ( 2 6 g .)  was ad d ed  m  s m a ll  q u a n t i t i e s  to  
c o n c e n t r a t e d  n i t r i o  a c id  ( 1 7 0 o .c . )  a t  0  -  1 0 ° , and  d u r in g  th e  
a d d i t i o n  th e  n i t r a t i o n  p ro d u c t  began  to  c r y s t a l l i s e .  A f t e r  th e  
a d d i t i o n ,  t h e  m ix tu re  was a l lo w e d  to  s ta n d  f o r  §  h o u r  and  th e n  
p o u re d  i n t o  io e  w a te r .  The y e l lo w  p r e c i p i t a t e  ( 3 0 g .)  was c o l ­
l e c t e d  and  d r i e d .  T h is  was d i s s o lv e d  in  o a .5 0 0 o .o .  warm a l c o ­
h o l  and h e a te d  u n d e r  r e f l u x  f o r  2 h o u rs  w ith  a d d i t i o n  o f  p o ta s ­
sium  h y d ro x id e  ( i . 5 g . )  i n  a  l i t t l e  v a te r .  The s o l u t i o n  was 
p o u re d  i n t o  w a te r  and  th e  brown p r e c i p i t a t e  f i l t e r e d  an d  d r i e d
( 2 b g . ) .  T h is  was d i s s o lv e d  in  j u s t  s u f f i c i e n t  b o i l i n g  e t h y l
a o e t -
a o e t a t e  w hioh on o o o l i i  g , d e p o s i t e d  a lm o s t p u r e  2 - n i t r o - d - n a p h -
A
t h a l i d e  ( 6 g . ) ,  p a l e  y e l lo w  n e e d le s ,  a . p . 1 9 8 ° , from  a  o o h o l.
M ost o f  t h e  e t h y l  a c e t a t e  from  th e  m o th er l i q u o r  was e v a p o ra te d  
o f f  and  on c o o l in g  a lm o s t  p u r e  4 -n i t r o -o ( -n a p h th y la m in e  ( I 4 g . )  
was o b ta in e d .  I t  c r y s t a l l i s e d  from  a o e t i o  a o id  in  o ra n g e  n eed ­
l e s  m .p .192 -  1 9 3 ° .
T, 10°,*
Amount T o ta l
M t r a t u d  2 - M t r o _____________ i - f r i t r o ___________V i.  Id  o A
9 2 .
8 2 g . 4 g . “ 1 5 ? . l l g . a a in e =50;' (>5>, *> 0 .3 3
26 g . 6 g .= 1 9 1 . 14g . • *50? 69? 0 .3 8
3 8 g . 8 g .= 1 7 ? . I5 g . " =38? 5 5 , 1 0 .4 7
5 0 g . 1 2 g .= 1 9 .4 ? 2 0 .o g . • = 4 0 .5 ? 60? 0 .4 8
H y d ro ly s is  o f  2 - n i t r o - < x - a c e tn a p h th a l id e  was e f f e c t e d  by 
h e a t i n g  lO g , w ith  60% s u lp h u r i c  a o id  a t  100° t i l l  co m p le te  s o lu ­
t i o n .  2 - N i t r o - l - n a p h th y la m in e  c r y s t a l l i s e d  from  a lc o h o l  i n  
o ra n g e  n e e d le s ,  m .p .1 4 8 0 . W ith  j^ - to lu e n e  s u lp h o n y l  c h l o r id e
in  p y r id in e  i t  g av e  2 - n i t r o - p - to lu e n e s u lp h o n  n a p h th a i id e ,
m .p .1 5 4 0 (p ag e  91 ) .
4 -N i t ro - j^ to lu e n e s u lp h o n -< x - n a p h th a l id e  from  4 - n i t r o - a f - i ia p h -  
th y la m in e  and  ^ - to lu e n e s u lp h o n y l  c h l o r id e  i n  p y r i d i n e  s o l u t i o n  
fo rm ed  y e llo w  p l a t e s  from  a c e t i o  a o id  m .p .1 8 6  -  1 9 0 ° .
MTdATION an d  BiiOMINATlON o f  ^ - frAPliThALiPEJ. 
M e a o tic n s  d e s c r i b e d .
W So^ty'M >i
Cuoh
V
in-iN ltro b en fcen esu lp h o n  -</- u a n h t l ia l iu e  from  th e  i n t e r a c t i o n  
o f  ^ -n a p h th y la m in e  an d  m -n itro b e n z e n e s u lp h o n y l c h l o r id e  i n  p y r i ­
d in e  fo rm ed  p l a t e s  m .p .1 6 2  -  164° from  a c e t i c  a o id .  (F ound :
N ,8 .6  r e q u i r e s  N, 8 .5 ^ )
N i t r a t i o n . ( a )  The n a p h th a l id e  ( 3 .0 g . )  was su sp e n d e d  m  
a c e t i c  * o id  ( 2 4 0 o .o .)  an d  warmed g e n t ly  w ith  a d d i t i o n  o f  concen ­
t r a t e d  n i t r i c  a c id  ( I B e .o . )  i n  a c e t i c  a c id  ( l b c . o * ) .  N i t r a t i o n  
r e c u r r e d  w ith  d i s s o l u t i o n  o f  th e  n a p h t h a . i d e .  A f te r  c o o l in g
th e  y e l lo w  c r y s t a l l i n e  p r e c i p i t a t e  was c o l l e c t e d  an d  c r y s t a l l i s e d  
from  a c e t i c  a o id  i n  n e e d le s  ( 2 i g . )  m .p .1 8 5  -  1 8 8 ° . T h is  was 
2 : 1 -d i n i t r o -Qi-n i t r o b e i  z e n e s j lp h o n - ^ - n a p h tl ia  i d s . (Found:
^ 1 6 ^1 0 ^8 ^4s  r e q j i r «» N , 1 3 .4 % ), s in c e  h y d r o ly s i s  w ith  c o n c e n t r a t ­
ed  s u lp h u r i c  a c id  f u r n i s h e d  2 : 4 r -d in itro -* v -n a p h th y la m in e , m .p .235°.
(b )  The d i n i t r o  n a p h th a l id e  ( e g . )  was ad d ed  s lo w ly  to  f u a -  
in g  n i t r i c  a o id  ( l 5 o . o . )  c o o le d  i n  i c e .  Tlie s o l u t i o n  was l e f t  
to  s ta led  f o r  i  h o u r ,  an d  th e n  d i l u t e d  w ith  a o e t i o  a c id  ( 2 0 c . c . )  
an d  f i l t e r e d  from  O r i iS - .t r i ia - tg o ^ - tu tro + e L g e M e a u lp i io i i -^ -u a ip l t-  
t h a l i d e . w hich  was s p a r i n g l y  s o lu b le  i n  b o i l i n g  a o e t i o  a o id  from  
vdiioh i t  s e p a r a te d  a s  y e l lo w  p l a t e s  m .p .2 1 5 0( d e o . )  • (F ound :
N ,1 4 .8  U ^6^9Pl0^5^ r e q u i r e s  N , 1 5 .1 % ). A p a r t  from  a  f u r t h e r
sm a ll q u a n t i t y  o f  t h i s  s u b s ta n c e ,  no o t h e r  compound was o b ta in e d  
from  t l ie  d i l u t i o n  o f  th e  m o th e r  l i q u o r .
( o )  The d i n i t r o  n a p h th a l id e  ( 5 g . )  was h e a te d  g e n t l y  w ith  a
m ix tu re  o f  a c e t i o  a o id  ( l O o .o . )  and fu m in g  n i t r i c  a c id  ( I G o .o . ) .  
N i t r a t i o n  o c c u r r e d  w ith  d i s s o l u t i o n  o f  th e  n a p h th a l id e  an d  on 
c o o l in g  th e  2 : 4 : 5 - t r i n i t r o  d e r i v a t i v e  s e p a r a t e d  i d e n t i c a l  w ith  
t h a t  from  (b )  ab o v e .
5 H M tro -m -iii ferobon ae t..au liriiO fc-* -u»pi. t h « . i i d .  It o ji t h .  i n t . r -  
a c t i o n  o f  m -n itro b e n z e n e s u lp h o n y l c h lo r id e  and  > i-n itro -o f-n a p h -  
tb y la m in e  i n  p y r id in e  s o l u t i o n  form ed p l a t e s ,  m .p .2 0 8  -2 L 0 ° , 
from  a c e t i o  a o id  o r  a o o h o l i e  p y r i d i n e .  (F ound : N, [f«ff
^ 1 6 ^ 1 1 ° 6 "  3 ^  r#<la i r M  N ,  1 1 .  m .
9 4 .
( 5 - N i t r o - a - n a p h th y la m in e  was o b ta in e d  by two a l t e r n a t i v e  
m e th o d s . T h a t by th e  r e d u c t io n  o f  1 :3 —d i n i t r o  n a p h th a le n e  w ith  
ammonium s u lp h id e  -  B e i l s t e i n ,  K u h lb e rg , A n n a le n .1 8 7 3 .169 .87  -  
g av e  p o o r  y i e l d s .  The .e tL od  u l t i m a t e l y  a d o p te d  was by n i t r a t ­
in g  M -n ap h th y la  l in e  i n  c o n c e n t r a t e d  s u lp h u r i c  a c i d  s o l u t i o n  -  
M e ld o ia , S t r e a t f e i l d ,  £ . , 1 3 9 3 , ^ , 1 0 5 8 ;  M organ , M io n le th w a i te ,  
£ . ,1 9 0 6  , ,8 9 ,7 ) .
N i t r a t i o n  o f  5- u i t r o - m- a i t r o b e n z e  e s  :in h o n - flH ia n h ..th a lid e .
A m ix tu re  o f  n a p h th a  id e  ( 2 g . )  in  a c e t i c  a c i d  ( l o o . o . )  an d  n i t ­
r i o  a c id  ( 2 o . o . )  w ere warmed g e n t l y .  The n a p h th a l id e  d i s s o lv e d  
and  was t h e r e a f t e r  p r e c i p i t a t e d  a s  th e  2 : 4 : 5 - t r i n i t r o  d e r i v a t i v e ,  
m .p .215° ( d e c . )  a lo n e  o r  m ixed  w ith  t h a t  from  (b )  o r  ( o )  ab o v e . 
T h is  s u b s ta n c e  on s o l u t i o n  in  h o t  p y r id in e  an d  d i l u t i o n  w ith  
a lo o h o l  s e p a r a te d  a s  th e  p y r id in e  s a l t , m .p .170 -  1 7 5 ° . (Found: 
Is, 1 5 .2  ^16^9^10^5^  CgJigN r e q u i r e s  N , 1 5 .5  ) ,  w hich was r e ­
c o n v e r te d  baok to  th e  n a p h th a l id e  a f t e r  m ix in g  w ith  s t r o n g  h y d ro ­
c h l o r i c  a c id  o r  c r y s t a l l i s i n g  from  a c e t i c  a o id .
B ro m in a tio n  o f  m- n 1 1 ro b e n a e n tm u ln h o n -£-n a p h  t h a l i d e . ( a )  To 
t i t l e  ( 6 g . )  i n  c h lo ro fo rm  ( 2 5 o .c . )  was ad d ed  brom ine ( 2 c .o .~  2 
m o ls .)  i n  c h lo ro fo rm  ( 5 o . o . ) .  A f te r  th e  i n i t i a l  v ig o ro u s  r e ­
a c t i o n ,  acco m p an ied  by e v o l u t io n  o f  h y d ro g en  b ro m id e , th e  s o l u -  
tx o n  was r e f lu x e d  f o r  1 h o u r .  The c r y s t a l l i n e  p r e c i p i t a t e  o f  
i -b ro :n o -m- u i t r u b e n z e n e s u I n h o n - cc-n u p h ti  a l i d e  a f t e r  o o o l in g  was 
c o l l e c t e d  and  r e c r ^ s t a l l i + e d  from  a c e t i c  a c i d  from  which i t  
fo rm ed  c o l o u r l e s s  p l a t e s  ( 7 g . )  m.p.174 -  176°» (F ound: h r , 1 9 .3
^ l l W *  rec*u i r e s  i d e n t i t y  was e s t a b l i s h e d
by h y d r o ly s i s  w ith  c o n c e n t r a t e d  s u lp h u r ic  a c i d  to  g iv e  4 -b ro m o - 
o t-n a p h th y la m in e  m .p .102° ( A c e ty l  d e r i v a t i v e ,  a .p .1 9 8 0 ) .
9 5 .
(b )  To a  s o l u t i o n  o f  th e  4-brom o n a p h th a L id e  ( 2 . o g . ) in  
p y r i d i n e  was a d d e d  b rom ine ( O .d c .o . )  d ro p  by d ro p . A f t e r  s t a n d ­
in g  f o r  12 h o u r s ,  t h e  s e m i - s o l id  m ass was ru b b e d  w ith  h y d r o -  
o h lo r io  a o id  an d  th e  r e s id u e  c r y s t a l l i s e d  from  a  l a r g e  b u lk  o f  
a c e t i o  a o id  from  w hich  i t  s e p a r a te d  a s  s h o r t  f i n e  n e e d le s  (2 .6 g )  
m .p .2 3 2  -  2«i3°. T h is  was i d e n t i c a l  w ith  th e  coiaiiound o b ta in e d  
from  th e  i n t e r a c t i o n  o f  2: i-d io ro u n  -^ -u a p l  th y la m in e  ( 5 g . )  and  
m -m tro b e n z e n e s u ip h o n y l c h l o r i d e  ( 3 .7 g . )  i n  p y r i d in e  an  t h e r e -  
f o r .  vae 2 : 4 -A ib ro  a o - ;n -B lt ro b .» .z .n e a u Ip h o n - l-m m h  t t m U 4 . .
(n 'o u rd : N, «vSUr 2 r a q u i r o s  N, 5 .8 ,? ) .
©I 4 - n i t r o - p - t o l u e u » a u l T i i i o a - l - a a p k t i i t U i a o .
T h is  s u b s ta n c e  was r e c o v e re d  unchanged  a f t e r  h e a t in g  w ith  a  
m ix tu re  o f  b rom ine an d  c h lo ro fo rm , b u t was b ro is in a te d  a s  f o l l o w s
To l g .  in  p y r id in e  was ad d ed  brom ine ( 0 . 3 c . o . )  d ro p  by d ro p  
an d  th e  m ix tu re  l e f t  f o r  12 h o u r s .  A f te r  rem oval o f  p y r id in e  
by h y d r o c h lo r ic  a o id ,  th e  o i l  r e m a in in g  p a r t l y  s o l i d i f i e d  on 
ru b b in g  w ith  a l c o h o l .  T h is  was s e p a r a te d  and was u n ch an g ed  
o r i g i n a l  (m .p .1 8 6  -  190° a f t e r  r e c r y s t a l l i s a t i o n  from  a l c o h o l ;  
no d e p r e s s io n  w ith  o r i g i n a l ) .  The re m a in in g  o i l  s lo w ly  s o l i d i ­
f i e d  on s ta n d in g  i n  a lc o h o l  i n  a  s t r o n g  f r e e z i n g  m ix tu re .  A f te r  
two c r y s t a l l i s a t i o n s  from  a c e t i c  a o id  i t  fo rm ed  o ran g e  rhom bo- 
h e d r a ,  m.p.JCJfl -  4 ^ 6 °  a lo n e  o r  m ixed w ith  a u t h e n t i c  :- j r o a o - 4 -  
i .i t r o - p- to lu e n e s u .p h o n — n a n h t h a l i d e . (F o u n d : h ,6 .7
^ 1 7 ^ 1 3 ^ 4^2:^ r  r e q u i r e s  jS, 6 .6 5 % ). Th© l a t t e r  was o b ta in e d  by 
i n t e r a c t i o n  o f  j j - to lu e n e s u lp h o n y l  o h lo r id e  an d  2 - b r o m o - 4 - n i t r o -
1 -n a p h th y la m in e  in  p y r i d i n e .
9 6 .
9 7 .
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ilrom ii a t i o n  o f  n- to lu e n e s u lp h o n - B- n a a h t h a l i d e . To a  mix­
t u r e  o f  n a p h th a l id e  ( l o g . )  a i d  c h lo ro fo rm  ( 5 0 c . q . )  was added 
b rom ine ( * . $ o . o . )  in  c h lo ro fo rm  ( lO o .o . )  . A f te r  th e  i n i t i a l  r e ­
a c t i o n ,  th e  s o lu t io n  was h e a te d  u n d e r  r e f l u x  f o r  1$ h o u r s .  A fte r  
c o o l in g ,  th e  s o l u t i o n  d e p o s i te d  w h ite  n e e d le s  ( 3 g . )  o f  th e  h y d r o -  
b rom ide o f  i - b ro m o -2 - n a p h th y ia a in e ,  a . p . 228° ( d e c . )  ( c o n v e r te d  
to  t h e  am ine a .p .t> 3 °  by a l k a l i ) .  A f t e r  f i l t r a t i o n ,  m ost o f  th e  
c h lo ro fo rm  . a e  d i s t i l l e d  o f f  and  t l i e  s o l u t i o n  d i l u t e d  w ith  l i — 
g r o i n .  The o i l  w hich s e p a r a te d  was re n d e re d  s o l i d  by ru b b in g
and c o o l in g ,  and  was th e n  c r y s t a l l i n e d  i r o a  a l o o h o l ,  from  whioh 
i t  form ed s t o u t  n e e d le s  ( l e g . )  m .p .100° a lo n e  o r  m ixed w ith  an  
a u t h e n t i c  specim en  o f  l-b ro m o -j& -to lu en 0 s u lp h o n - 2- i ; a p h t h a i i d e .  
( B e l l  ,£ .  ,1 9 3 2 ,2 7 3 2 )
1 : 3-D i  b r  o mo-p- t o l u  e u e  su Iph  o n -  2-* * anh th  a  1 ^ d e . B e l 1 ( lo o ,  a i t j  
d e s c r ib e s  th e  p r e p a r a t i o n  o f  t h i s  s u b s ta n c e  from  th e  b ro m in a t io n  
o f  th e  ^ - n a p h t h a l i d e  in  p y r i d i n e .  T h is  was r e p e a te d  an d  th e  
y i e l d  fo u n d  t o  be s m a l l .  Much b e t t e r  r e s u l t s  w ere o b ta in e d  by 
b r o a in a tm g  th e  l - b r o a o n a p h th a l id e  i n  p y r i d i n e .  B rom ine (1 .4 o c )  
was added  d ro p  by d ro p  to  a  s o l u t i o n  o f  t h i s  ( lO g .)  i n  p y r i d i n e ,  
i f t e r  th e  a d d i t i o n ,  th e  m ass was w arned g e n t l y  f o r  1 h o u r  to  
e f f e o t  c o m p le te  s o l u t i o n .  A f t e r  12 h o u r s  th e  m ix tu re  was ru b ­
bed w ith  h y d r o c h lo r ic  a o id  and th e  r e s id u e  c r y s t a l l i s e d  tw ic e  
from  a o e t io  a c i d .  Y ie ld  -  7 g . m .p .1 6 0 ° . ( B e l l . i o o . c i t . g iv e s  
m .p .1 6 3 ° ) .
3-B ro m o -?-+ a u h tli v l a u m e . l : 3 - d i  ro a o -2 -n a p h th y la u u n e  from
th e  h y d r o ly s i s  o f  t h e  n a p h th a l id e  w ith  c o n c e n t r a t e d  s u lp h u r i c  
a c id  was re d u c e d  a s  f o l l o w s : -
A m ix tu re  o f  th e  am ine ( 5 g « ) ,  a lo o h o l  ( 4 0 o .c « ) ,  c o n c e n t r a te d  
h y d r o c h lo r ic  a o id  ( 4 0 o .c . )  and  g r a n u la te d  t i n  ( e g . )  was h e a te d  
u n d e r  r e f l u x  f o r  2 h o u r s .  The o o o le d  f i l t e r e d  s o l u t i o n  d e p o s i -  
t e d  c r y s t a l l i n e  a - ;) r f ta o -3 - JiMijI>13iyLaaiiie b y d r o o h lo r ld e . wluoli was 
decom posed w ith  h o t  a l c o h o l i c  sodium  h y d ro x id e  to  j i e l d  th e  f r e e  
b a s e . w hich  form ed l u s t r o u s  p l a t e s  m .p .173° ( 3 g . )  from  a io o h o l .  
(Found: N, 6 .2  C^oiiglvBr r * q a i r e s  N, 6.3% ) (A c e ty l  d e r i v a t i v e  
i s  d e s c r ib e e  on p ag e  77 ) .
1 “N i t r o -  i -b ro m u -o- t o  lu e n e  su lu h o n -2-n a o h  t h a l  i  cie. 1-N i  t r o -
£ - to lu e n e s u lp h o n - ^ i- n a p h th a ;  id e  was p r e p a r e d  a c c o rd in g  to  th e
m ethod o f  M organ & M io k le th w a i te  ( o . . 1 9 1 2 . 1 0 1 .1 4 8 ) .  p -T o lu e n e -  
s u lp h o n - f i - n a p h th a l id e  ( 2 0 g . ) ,  a c e t i c  a o id  ( lO O c .o . ) ,  and  o o n o en -
9 8 .
t r a t e d  n i t r i c  a o id  ( 7 o . c . )  w ere  sh ak en  t o g e th e r  and th e  o l e a r  
s o l u t i o n ,  soon  fo rm ed , d e p o s i t e d  o r y s t a i s  on o o n tin u e d  a g i t a t i o n .  
The 1 - u i t r o  d e r i v a t i v e  so  o b ta in e d  b ad  m .p . l5 9 °  a f t e r  r e o r y s t a l -  
11s a t  io n  from  a o e t io  a o i d .
To t h i s  compound ( 1 0 g . )  in  p y r id in e  s o l u t i o n  was ad d ed  b ro ­
m ine ( 1 . 6 o . o . )  d ro p  by d r o p .  A f t e r  12 h o u r s ,  th e  m ass was t r i ­
t u r a t e d  w ith  d i l u t e  h y d r o c h lo r i c  a o id  an d  th e  s o l i d  p r o d u c t  c r y s ­
t a l l i s e d  from  a l c o h o l i c  p y r i d i n e  f r u a  w hich i t  s e p a r a te d  a s  p a l e  
y e l lo w  p l a t e s  ( 7 g . ) ,  u i.p .2 3 7  -  239° ( d e c . ) .  T h is  o apound  was 
o b ta in e d  a l s o  by w arm ing a  m ix tu re  'o f  3 -b ro m o - j i - to lu e n e s u lp h o n -
2 - a a p h t l i a l id e  ( I g . )  ( d e s c r ib e d  p ag e  7 6 ) ,  a o e t i o  a c i d  ( 5 o .o . )  and 
n i t r i c  a c i d  ( O .b o .o . )  and  was t h e r e f o r e  3-b ro m o -l - n i t r o - n- t o i u -  
e ie a u ln h o r i - 2- n a i> h th a l id e . (F ound : N ,6 .6  C x T & ia P ^ ^ b rd  r e ­
q u i r e s  N, 6 .6 5 % ).
R e d u c tio n  e i t h e r  w i th  t i n  and h y d r o c h lo r ic  a c i d  o r  B ine and  
a c e t i c  a c i d  f u r n is h e d  2 -p - to lu e u e a u l i> h o n - ti-bro»uQ-l :  2-n a , h th v le n e  
d ia m in e , w hich  c r y s t a l l i s e d  from  a c e t i c  a c id  in  n e e d le s ,  m .p .l8 5 ° . 
(Found: Nf 7 .0  r e q u i r e s  N , 7 , ^ ) ,
l - N i t r o - d-b ro a io -2- n a jh tl iv lfu tt in e . C a r e f u l  a d d i t i o n  o f  th e
l - n i t r o - 3 - b r o m o  n a p h th a l id e  to  i c e  c o ld  c o n c e n t r a t e d  s u lp h u r ic  
a o id  f u r n is h e d  th e  a a in e  w hich  fo m e d  o ra n g e  n e e d le s ,  a . p . 1 0 5 ° , 
from  a l c o h o l .  (F ound : h ,1 0 .2  G^QlhyO^N^* r e q u i r e s  h , 1 0 .5 ' ) .
T h is  was c o n v e r te d  by b o i l i n g  w ith  h.so d iu m  h y d ro x id e  s o l ­
u t io n  f o r  6 h o u rs  to  l - m t r o - u^ o ro  a o -2- u a n h th o I . w hioh c r y s t a l ­
l i s e d  from  a lc o h o l  in  y e l lo w  p l a t e s  a . p . 131° ( d e c . ) .  (F ound : 
h |  5 .1  OioliQO^xBr r e q u i r e s  h ,  5 .2 % ).
To a  h o t  s o l u t i o n  o f  t l ie  am ine in  a c e t i o  a n h y d r id e  was added  
a  d ro p  o f  c o n c e n t r a te d  s u lp h u r i c  a o id .  On c o o l in g  i - n i t r o - 3 -  
. vr orao-2- a  oe tn a p )  ■ th  a l  i  de s e p a r a te d  and  r e e r y s t a l U s e d  from  a lc o ­
h o l  i t  fo rm ed y e llo w  n e e d l e s ,  m .p . l3 6 ° .
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(F o u n d : N ,9 .0  Cighc^O^hgllr r e q u i r e s  N, 9 .1 % ).
I t  was th o u g h t  o f  i n t e r e s t  t o  a s c e r t a i n  w h e th e r  r e d u c t io n  
o f  l-n itro -d -b ro m o -B -n & p h th y la m in e  would rem ove th e  n i t r o  g ro u p  
a s  in  th e  c a s e  o f  tike brom ine i n  L :b -d ib ro m o -2 -n a p h th y la » in e , 
b u t r e d u c t io n  w ith  t i n  and h y d r o c h lo r i c  a c id  p ro c e e d e d  no f u r t h e r  
th a n  d-b ro ;n o -l : 2-naP.htliyl_ene Aijmlm.* w inch lo rm ed  m e ed le s  a . p .  
86° ( d e c . )  from  aq u e o u s  a l c o h o l .  (F ound: N , 1 1 .5  
r e q u i r e s  N , 1 1 .3 % ). T h is  s u b s ta n c e  was i d e n t i f i e d  a s  an  o r th o  
d ia m in e  by g iv in g  th e  im in o x a l in e  d e r i v a t i v e  w ith  b e n z i l  i n  h o t  
a l c o h o l i c  s o l u t i o n .  T h is  fo rm ed  y e llo w  p l a t e s  m .p .1 9 5  -  199° 
from  a c e t i o  a c i d .  (F ound : i s ,6*8. C ^ h /5H fa B r r e q u i r e s  N ,^ 8 % )  
and  gave  an  I n te n s e  v i o l e t  c o l o u r a t i o n  w ith  o o n o e n tr a te d  s u lp h u ­
r i c  a c i d .
l - N i t r o - 3-b ro iao  n a p h th a le n e . A s o l u t i o n  o f  1 - n i t r o - b -  
b ro m o -3 -n ap h th y l& m in e  ( l g . )  i n  h o t  a c e t i c  a o id  ( l + o . o . )  was 
r a p i d l y  c o o le d  a n d  th e  m ix tu re  ad d ed  to  a  s o l u t i o n  o f  sodium  n i t ­
r i t e  ( O .d g .)  i n  o o n o e n t r a te d  s u lp h u r ic  a c id  ( 4 o . c . ) .  To th e  
s o l u t i o n  was added  a l c o h o l  ( 1 5 o . c . )  and on w arm ing on th e  w a te r  
b a t h ,  n i t r o g e n  and  a c e ta ld e l iy d e  was e v o lv e d . A f t e r  rem o v a l o f  
v o l a t i l e  l i q u i d s  and e x t r a c t i n g  w ith  a ,c o h o I  l - n i t r o - 3 - b r o m o -  
n a p h t h a e n e  m .p .9 7  -  99° was o b ta in e d  id e u t io & l  w ith  t h a t  from  
-> > ro m o -4 -n itro - l -n a p h th y la m in e  ( ag e  fr? ) .
B ro m in a tio n  o f  u - to lu e i ie s u in h o n  a n i l i d e . To t i n s  compound 
( 9 g . )  in  p y r id in e  was added  b rom ine ( 4 c . c .  -  2 m o ls .)  d ro p  by 
d r o p .  The m ix tu re  a f t e r  s ta n d in g  f o r  12 h o u r s  was ru b b ed  w ith  
h y d r o c h lo r ic  a c id  an d  th e  s o l i d  c r y s t a l l i s e d  from  a lc o h o l  i n  
p l a t e s  a . p . 124 -  1 2 7 ° . T h is  was a  m ix tu re  f o r  on h y d r o ly s i s  
w ith  o o n o e n tra te d  s u lp h u r ic  a o id  two am ines w ere  o b ta in e d  w hioh 
w ere  s e p a r a te d  by f r a c t i o n a l  c r y s t a l l i s a t i o n  from  a l c o h o l .
1 0 0 .
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The l e s s  s o lu b le  h a d  m .p . 118° a lo n e  o r  m ixed w ith  2 :4 : 6 - t r i b r o m  
a n i l i n e .  The m ore s o lu b le  h a d  m .p . 77 -  80° a lo n e  o r  m ixed  
w ith  2 :4 -d ib ro m  a n i l i n e  ( a c e t y l  d e r i v a t i v e  m .p . 144 -  1 4 6 ° ) .  
A tte m p ts  to  s e p a r a t e  th e  b rom in& ted  a r u l i d e  w ere  n o t  s u o o e s s f u l .
10DH+Anm o f  in  r M l i i M ,
- I  o d o - ii- t o  1 u en esu  I , h o n -fi- n a i> h th a l id e . j£-To lu e n e s u lp h o n - p -
n a p h th a l id e  was i o d in a t e d  by th e  fo l lo w in g  m ethods*
( a )  To th e  n a p h th a l id e  ( e g . )  i n  p y r id in e  was added  pow dered  
io d in e  ( 4 .5 g « ) ;  some h e a t  was e v o lv e d  an d  th e  s o l u t i o n  a f t e r  
th e  ad< i t i o n  was a llo w e d  to  s ta n d  f o r  12 h o u r s .  T r i t u r a t i o n  
w ith  h y d r o c h lo r ic  a c id  p ro d u c e d  an o i l .  E x c e s s  io d in e  was r e ­
moved by s u lp h u r  d io x id e  and th e  o i l y  r e s id u e  was made s o l i d  by 
r u b b in g  w ith  a l o o h o l .  1 - lo d o - p - to lu e n e a u lu h o n - p - n a p h th a l id e  
fo rm ed  s t o u t  p r is m s  ( 3 » 5 g . ) ,  m .p .126 -  127° a l t e r  two c r y s t a l ­
l i s a t i o n s  from  a l o o h o l .  M ixed w ith  th e  o r i g i n a l  n a p h th a l id e
l a r g e  d e p r e s s io n  in  m .p . was o b ta in e d .  (F o u n d : i \ t 3 .3  
^17^14^2^^*  r e q u i r e s  n , 3 .4  ) .
(b )  To th e  n a p h th a l id e  ( 5 g . )  i n  p y r id in e  was s lo w ly  ad d ed  
io d in e  c h lo r id e  ( 3 g . ) .  A v ig o r o u s  r e a c t io n  to o k  p la c e  and a f t e r  
t r e a tm e n t  a s  d e s c r ib e d  in  ( a ) ,  th e  io d o  n a p h th a l id e  was o b ta in e d .
(o )  T re a tm e n t o f  th e  n a p h th a l id e  in  p y r id i n e  w ith  io d in e  
t r i c h l o r i d e  a l s o  f u r n i s h e d  th e  io d o  d e r i v a t i v e ^ .
O r i e n t a t i o n . The c o n s t i t u t i o n  was p ro v e d  by w arm ing th e  
io d o  n a p h th a l id e  ( I g . )  in  a c e t i c  a o id  on th e  w a te r  b a th  w ith  
a d d i t i o n  o f  sodium  n i t r i t e  ( 0 . 2 g . ) .  The n a p h th a l id e  d i s s o lv e d  
to  g iv e  a  deep brown s o l u t i o n .  A f te r  3 h o u r s  th e  y e l lo w  o r y s -  
t a i s  w hich  s e p a r a te d  on c o o l in g  w ere r e o r y s t a l l i s e d  from  a c e t i c  
a o id  and  h ad  m.#p . l6 0 ° a lo n e  o r  m ixed w ith  a u t h e n t i o  1 - n i t r o - ^ -  
to  lu e n e s u  lp h o n -2 -n a p h  t h a l  i  d e .
1 0 2 .
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A tte m p ts  w ere made to  c o n v e r t  th e  io d o  n a p h th a ! id e  t o  th e  
am ine ( a )  by c o n c e n t r a t e d  s u lp h u r ic  a o id  an d  (b )  by r e f l u x in g  
w ith  a l c o h o l i c  h y d r o c h lo r ic  a c i d .  i n  e a c h  c a s e  th e  p ro d u o t  o f  
h y d r o ly s i s  was u n s t a b l e ,  r a p i d l y  l i b e r a t i n g  io d in e  w ith  decom­
p o s i t i o n .  T h is  c o n f irm s  M e ld o la * s  o b s e r v a t io n  ( e . .1 3 8 5 .4 7 .5 2 0 )  
on th e  i n s t a b i l i t y  o f  l - i o d o - 2 - n a p h t h y l a a i n e .
Tli© f o l lo w in g  io d o  d e r i v a t i v e s  w ere o b ta in e d  by m ethods
( a )  (b )  and  ( c ) .
b- i o d o - S -n - to Iu e n e s u lP lo n a a i id o  d ip h e n y l  ( 0 . 4 g . ) ,  p n  sm s, 
a . p .  114 -  115° from  a l c o h o l  ( fo u n d : N, 3 .1  ^ l d ^ i ^ a ^ l  r e ~
q u i r e s  N, 3 .1 $ )  from  3 - j) - to lu e n e s u lp h o n a m id o  d ip h e n y l  ( 5 g . ) .
The io d o  d e r i v a t i v e  gave a  l a r g e  d e p r e s s io n  in  m .p . w ith  o r i g i ­
n a l  s u b s ta n c e .
3 - lo d o - j . - p - to lu t f n .a u  piionautido d iu b .n y l  (m .p .1 0 9  -  115°) 
from  4 -p - to lu e n e s u lp h o n a m id o  d ip h e n y l .  (F ound : f t , 3 .1
OiQliigOgNSl r e q u i r e s  i \ ,  3 .1 % ).
Jh d o -p- 1  o lu e i>e s u . u h o n - i - t o l u i d l r i e  m .p .1 2 7  -  132° from  
^ - to iu e n e s u l p h o n - p ^ t o lu i d id e .  (Found: f t , 3 . 4  
r e q u i r e s  N, 3 .6 % ).
1 0 3 .
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1 : w i - p - tu L u e iie .sa lp h o i.a a id o  bei)g*ne. ( a j  l r « p u r e t i  uy i ,  t e r -  
a e t i o r  o f  j i - to lu e n e s u lp h o n y l  c h l o r id e  ( 1 9 g .)  an d  jf -p h e n y le n #  
d iam in e  in  p y r id in e  ( l l g . )  a  p o o r  y i e l d  was o b ta in e d  ( 2 5 g .y .
( b )  k m ore s a t i s f a c t o r y  m ethod was fo u n d  to  be a s  f o l lo w s ; -  
The d ia m in e  ( 5 g . )  was g ro u n d  to g e th e r  w ith  j i - to lu e u e a u lp L o n y l  
c h l o r id e  an d  an h y d ro u s  sod ium  a c e t a t e  ( 9 g . ; .  No r e a c t i o n  e t  
i n ,  b u t g e n t l e  warm ing c a u s e d  th e  r e a c t i o n  to  s t a r t .  The s o l id  
was th e n  f i l t e r e d  and  w ashed w ith  h o t  w a te r  an d  th e n  c r y s t a l l i s ­
ed  from  a l c o h o l ,  from  w hich  i t  s e p a r a te d  a s  p in k  n e e d le s  m .p .l '7 0 °  
1: 3 - ^ m - n i j ) m b e n z e i ie 8 v a ih ,o u w id o  b e n z e n e . The p ro d u o t
o f  i n t e r a c t i o n  o f  ja -p h e n y le n e  d iam in e  an d  jg -n i t r o b e n z e n e s u lp h o n y l  
c h l o r id e  in  p y r id in e  was an  o i l .  T h is  %aa warmed w ith  d i l u t e  
bodium  h y d ro x id e  and  th e  f i l t e r e d  s o lu t i o n  in t r o d u c e d  s lo w ly  in to  
d i l u t e  h y d ro  oh l o r i o  a o i d .  The r e s u l t a n t  s o l i d  a f t o r  r e c r y s t a l -  
l i  s a t  io n  from  a o e t i o  a o id  g av e  p l a t e s  m .*».195°. (F o u n d : h ,1 1 .9  
°1 8 iilirA3i'4 cJa  rw(lu i r e S  N, 1 1 . 7 / ) .
N i t r a t i o n ,  o f  1 : 3Hbi-x>- t o  lu e n eau .lp honam ido beiizene*
( a )  lO g . wore h e a te d  on th e  w a te r  o a th  w ith  a  m ix tu re  o f  a o e t i o
a o id  (4 0  o . c . )  and  n i t r i o  a o id  ( 5 o . o . , d .  1 .4 )  f o r  two h o u r s .  On
c o o l in g  4 : u- d i n i t r o - l : 3 - d l - p - t o l u e n e s u l p h o n a m l ^  s e p a r a te d
a n d  a f t e r  r e o r y s t a l l i s a t i o n  from  a o e t i o  a o i d  fo rm ed  p a i e  y e l lo w
p l a t e s ,  m .p .208 -  210° ( 7 g . ) .  (F ound ; N , i l . 4  C2oli18^4()8S2 
r e q u i r e s  N, 1 1 .1 % ). A p a r t from  a  f u r t h e r  sm a ll q u a n t i t y  o f  th e
4 : 6 - d i n i t r o  com pound, no p u r e  p r o d u c t  c o u ld  be i s o l a t e d  from  th e  
m o th e r  l i q u o r .  On s o l u t i o n  i n  s u lp h u r io  a o id  t h i s  compound 
f u r n i s h e d  4 : 6 - d i n i t r o  l :3 - p h e n y ie L e d ia a in e  m .p .303° ( a c e t y l  d e r i ­
v a t i v e ,  a .  p . 2 2 8 ° ) .
( b )  A d d it io n  o f  th e  4 : 6 - d i n i t r o  d e r i v a t i v e  to  fum ing  n i t r i o  a o id  
co  v e r t e d  i t  to  2 :4 :6 - t r i n i t r o - d i - o* n i t r o - p- to lu e n e su li> h o n a m id o -  
b e n z e n e , w hioh fo rm ed  rh o m b o h ed ra , m .p .2 2 3 ° , from  a o e t i o  a c i d .
(F o u n d ; N , 1 5 .2  ^20^ 15° 14^7^2  rttClu *r ®s  N , 1 5 . 3 ' ) .
T h is  was h y d r o ly s e d  by s u lp h u r i c  a o id  to  2 : t : 6 - t r i n i t r o - l : 3 -
p h e n y le n e d ia m in e , m .p .285° ( a c e t y l  d e r i v a t i v e ,  m .p . 3 0 0 ° ) .
N i t r a t i o n  o f  l s u - P i-m -iijL tro ; e n z e n e s u ln h o n a a id o b v n z e n e .
( a )  To 10g . i n  a o e t i o  a o id  ( lO O o .o .)  a t  70° was ad d ed  fum ing  
n i t r i o  a o id  ( l O o .o . )  in  a o e t i o  a o id  ( l O o . o . ) .  On c o o l in g
t: t - d i i i i t r o - l : 3 - d i - i a -n itro r te n g e n e s u lB lio n a u id o b e n z e i.e  s e p a r a te d  
an d  form ed n e e d l e s ,  m .p .2 3 5 ° , a f t e r  r e o r y s t & l i i s a t i o n  from  a c e t ­
i c  a c i d .  Y ie ld  4 g .  (F o u n d ; N, 1 5 .0  ^13^12^12^6^2  r *qM ires
N ,1 4 .8 % ). No o th e r  p u re  p ro d u o t  c o u ld  be i s o l a t e d  from  th e
m o th e r  l i q u o r .  S u lp h u r io  a o id  c o n v e r te d  t h i s  to  4 : t> - d in i t r o -  
1 : 3 -p b e n y le n e  d ia m in e .
(b )  The d i n i t r o  compound ( 2 g . )  was d i s s o lv e d  in  fum ing  n i t r i o  
a o id  ( l o . o . )  and  th e  r e s u l t a n t  s o l u t i o n  d i l u t e d  w ith  a o e t i o  a c i d .  
The p r e o i p i t a t e  a f t e r  r e c r y s t a l l i s a t i o n  from  a o e t i o  a o id  gave
2 : 4 : 6- t r l n i t r o - d i - a - i i i t r o . m i laho i, a s  s t o u t
p r i s m s ,  m .p .2 1 8 ° . (F o u n d ; f t, 1 5 .6  ^18^11^14^9^2  r9(lu ^ e ^
ft, 1 6 .0  ) .  On s o l u t i o n  in  s u lp h u r ic  a o id  t h i s  compound f u r n i s h -  
e i  2 : 4 : G - t r i  i t r o  - l :3 - p h e n y le n e d ia a i i :  e ,  a .p .2 8 5 ° .
^ i> a ! ia U o L . .o f  1 : 3 - j ^ - p - , ^ q . u q j i ^ a u ( a )  i o  
a  m ix tu re  o f  t h i s  s u b s ta n c e  o g . in  c h lo ro fo rm  ( 2 0 o .c . )  was ad d ed  
b rom ine ( 1 . 3 o . o . )  i n  c h lo ro fo rm  ( 5 c . c « ) .  A f t e r  r e f l u x i n g  f o r  
two h o u r s ,  th e  s o l u t i o n  a f t e r  f i l t e r i n g  d e p o s i t e d  2 :4 :6 - t r i b r o g i t — 
is 3 - d i - p - t o  iu e n e s u in h o n a a id o b e iiz e n e . n e e d le s  m .p .2 2 3 0 , a f t e r  r e -  
o r y s t a l l i s a t i o n  from  a c e t i c  a o i d .  (F ound: f t ,  4 .4  
Br^ftg r e q u i r e s  ft, 4 .3 % ). i t s  c o n s t i t u t i o n  was c o n firm e d  by 
h y d r o ly s i s  to  2 :4 :6 - t r ib r o iU O - l :3 -p h e n y le n e d ia m in e ,  m .p .1 6 2 0 ( a c e t ­
y l  d e r i v a t i v e ,  m .p .3 0 0 ° ) .  From th e  m o th e r l i q u o r  a f t e r  d i s t i l ­
l i n g  o f f  m ost o f  th e  c h lo ro fo rm  t h e r e  s e p a r a te d  4 : 6- d i  b r o a o - 1 : 3 -  
A i - p - to lu e n .a u  >D hoiittiaidobonaeiia. s t o u t  n e . d l . s ,  a . p . 3 0 9 ° .
(F o u n d : f t, 5 .0  ••# % )•  T h is  c o n s t i ­
t u t i o n  was c o n f irm e d  by h y d r o ly s i s  w ith  c o ld  o o n o e n t r a te d  s u l ­
p h u r ic  a o id  to  th e  c o r r e s p o n d in g  b a s e , m » p .l3 4 °  ( a o e t y l  d e r i v a -  
t i v e ,  m .p .2 5 7  -  2 6 0 ° .
(b )  1 0 g . o f  th e  pow dered  m a te r i a l  «ere in t r o d u c e d  in to  p y r id in e  
and  th e n  brom ine ( 7 . 7 g . )  added  d ro p  by d ro p  to  th e  t h i c k  ma**s
o f  t h e  p y r id in e  s a i t .  A f t e r  s ta n d in g  12 h o u r s ,  th e  m ix tu re  was 
a g i t a t e d  w ith  h y d r o o h io r io  a o id  an d  th e  r e s u l t a n t  s o l i d  f i l t e r e d  
o f f ,  b o i le d  w ith  a l c o h o l  an d  f i l t e r e d  h o t .  The r e s id u e  ( 7 g . ,  
m .p .2 0 7 ° )  a f t e r  r e c r y s t a l l i s a t i o n  from  a c e t i c  a o id  f u r n i s h e d  
p u re  4 :6 -d ib ro m o -d i-p - to lu e n e s u lp L o n a m id o b e n z e n e , a . p . 2 0 9 ° .
The a l c o h o l i c  m o th e r  l i q u o r  gave  a  f u r t h e r  s m a ll  y i e l d  o f  th e  
same ooinpound and some o f  th e  2 :4 :6 - t r ib r o tn o  d e r i v a t i v e .
( c )  K i th  e x c e s s  o f  b rom ine In  p y r id in e  th e  4 :6 -d ib ro m o  compound 
g av e  th e  2 :4 :6 - t r ib r o m o  d e r i v a t i v e .
M T iU T l(+  o f  D loLU 'hO hA hlbiD & j, 
i t e a o t io n s  r t .u o r ib e d .
1 0 6 .
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The fo l lo w in g  d i s u l p h o n a iu l in e s  w ore p r e p a r e d  by a l lo w in g  
t l ie  am ine and m - n i tr o b e n z e n e s u lp h o n y l  c h l o r id e  ( 2 i  a io ls .)  t o  
i n t e r a c t  111 p y r i d i n e  s o lu t io n  f o r  s e v e r a l  d a y s .  The p r o d u c ts  
w ere r e p e a t e d l y  b o i l e d  w ith  a c e t i o  a o id  u n t i l l  a l l  th e  iaore s o l ­
u b le  s u lp h o i ia n i l id e  h a d  been e l im in a te d .
D i-m - n i t r o b e n z e n e s u l p h o n a n i l i d e . n e e d le s  m .p . l8 9 ° .  (Found; 
N, 9 .0  8 ^ 1 3 °8 ^ 3^2 r e q u i r e s  h , 9 .1 % ).
i r t i t t e th y 1 - d i—a - n 1 1 r o b o n z e n e  h u l n h o n a i u l i d e . a . p . 199 ' ( F o u n d ;  
h  f 8 . 7  ^ l ^ l s P s ^  r e q u i r e s  1>, 8 .8 % ) .
3- a o t h y l - d i - a - n  itr o b o n g o n .a u ln h o n a a n I id a . a . p . 226° (F o u n d ; 
K ,  8 . 8 / ) .
The f o l lo w in g  w ere p r e p a r e d  by h e a t i n g  an a l k a l i n e  s o l u t i o n  
o f  th e  mono n a p h th a  t i d e  w ith  jg - n i t r o  benzene  s u lp h o n y l  c h l o r id e  
( 1 J  m o ls ) .  f o r  s e v e r a l  L o u rs .
Di.-m- n i t r o b e n z e n e » u lp h o n - fl(- p a p b th a l  id e  p r is m s ,  m .p .252 from  
a l c o h o l i c  p y r i d i n e .  (F o u n d ; h , 8 . 2  r e q u i r e s  N ,8 3}
Di->n- m tr o b e n z e n c a u ln h o i  ^ - n a p h t h a l i d e . c o l o u r l e s s  r o d s ,  
m .p .255° from  a l c o h o l i c  p y r i d i n e .  (F o u n d ; N, 8 . 1 ) .
N i t r a t i o n  o f  d i - m uLtxob e u z g n e su , p h o n a u l , i d e . lO g . w ere 
added s lo w ly  to  fum ing  n i t r i o  a o id  ( 3 0 o .o . )  and  th e  r e s u l t a n t  
s o lu t io n  p o u re d  on to  i c e .  The p r e o i p i t a t e  ( i l g . ,  m . p . 195 -  
2 0 5 °) c o u ld  n o t  be p u r i f i e d  by b o i l i n g  w ith  a c e t i c  a c i d  o r  by 
f r a c t i o n a l  p r e c i p i t a t i o n  from  p y r id in e  by means o f  e t h y l  a lo o h o l .  
5 g . w ere l e f t  w ith  s u lp h u r i c  a o id  f o r  s e v e r a l  h o u rs  an d  th e  mix­
t u r e  p o u re d  in to  w a te r .  The p ro d u o t on e x t r a c t i o n  w ith  a c e t i c  
a c id  l e f t  3 - n i t r o - d i - i g - n i t r o b e n z e n e s u lp b o n a n i l i d e ,  m .p .235 
( 0 .8 g . )  ( B e l l ,  £ . ,1 9 3 0 ,1 0 7 7 ) ,  and  i - n i t r o - ^ a - n i t r o b e n z e n e s u lp h o n -  
a n i l i d e ,  m .p .180° ( £ . ,1 9 2 9 ,2 7 8 8 )  was i s o l a t e d  from  th e  f i l t r a t e ,  
b o th  were i d e n t i f i e d  by c o m p ariso n  w ith  a u t h e n t i c  sp ec im en s  and  
in  th e  c a s e  o f  th e  fo rm e r  by s c i s s i o n  w ith  warm p i p e r i d i n e , ,  when
H'K+Cl#*
m -n itro b e iiZ e n e s u lp h o n y l p i p e r i d i n e ,  m .p .1 2 4 ° , an d  3 - i i i t r o b e n g e n e -  
s u lp h o n a n i l i d e ,  m .p .1 5 1 ° , w ere o b ta in e d .
 y i  l"M e tlw l“ d i- s a -n i t r o b e n z e ^ e s u lu h o n a n i  1 i d e . 3 g .
w ere added to  n i t r i o  a c id  ( l O c .o . )  an I t h e  s o l u t i o n  p o u re d  on to  
i c e .  The p r e c i p i t a t e  ( 3 .3 g . ,m .p .o a  2 0 5 °) a f t e r  b o i l i n g  w ith
a o e t i o  a c id  gave  p u re  3- n 1 1 ro -  t -m e th y 1 - d i - m- n i t r o b e n z e n e  s u ln n o n -  
a n i i i d e . m .p . 208° (F o u n d ; N , 1 0 .8  r e q u i r e s  N , i t  & )
i t  was l e f t  w ith  s u lp h u r ic  a o id  f o r  s e v e r a l  h o u r s  ana th e  c l e a r  
s o l u t i o n  p o u re d  in to  w a te r .  The p r e o i p i t a t e  a f t e r  o r y s t a l l i s a t h n  
from  a c e t i c  a c i d  form ed p r i s m s ,  m .p .1 3 6 ° , a lo n e  o r  m ixed  w ith  an 
a u t h e n t i c  sp e c im en  o f  3 - n i t r o - 4 - m c th y l-i
1 0 7 .
v  a- n  1 1ro  ben zene su  ln h o a a ^ i -
( f ro m  th e  i n t e r a c t i o n  o f  m -n i t ro -b e n s e r .e s u lp h o n y l  c h l o r i d e  and
J - n i t r o - p - t o l u i d i n e )  (F o u n d ; N ,1 2 .6  c l # H 0 6^8^ r<*c*u irw s
N ,  1 2 .5 ? ) .
N i t r a t i o n  o f  a- . i e t h v l - d i - m- n i t r o b i n z e n e s u l p i .o n a n i i i n e . S g . o s  
above g av e  a  p ro d u o t  r e a d i l y  s e p a r a b le  by a c e t i c  a o id  i n t o  a  
l e s s  s o lu b le  p a r t ,  m .p .2 2 1 ° ,  an d  a  m ore s o lu b le  p a r t ,  n e e d le s ,  
m .p .o a .9 5 ° ,  o r  a f t e r  h e a t u  g to  rem ove a o e n o  a o id ,  a . p . 1 8 5 ° .
The l e s s  s o lu b l e  p a r t  on h y d r o l y s i s  w ith  s u lp h u r ic  a o id  g av e  2— 
m e th y l—S - n i t r o - a n i l i n e ;  i t  m ust t h e r e f o r e  be 2-m e th v L-5- n i t r o -  
d i-m -u  itro b e n z e n e s a lp h o n in i i  I  i d e . (F o u n d : N .lO .9
r e q u i r e s  N , 1 0 .7 ? ) .  The o t l i e r  w hioh was n o t  i d e u t i o a l  w ith  th o  
a l r e a d y  d e s c r ib e d  4  ai d G - u i t r o  com pounds ( f t . ,1 9 3 0 ,1 0 7 7 )  m ust be 
3- f f le th y l-G- n i t r o  A l-ai- n i t r o b e ;  a e n e s u ln h o n a n i l i d e . (F ound : N , 
1 0 .9 ? ) .  By s o l u t i o n  i n  p i p e r i d i n e  i t  was s e v e re d  to  g iv e  2 -  
m o th y l-b- i u t r o - ia- n i t r o b e n i e n e s n . n h o n a n i ; iU e . ( fo u n d  K, 1 2 . # j 
w hioh c r y s t a l l i s e d  from  a o e t i o  a o id  in  n e e d le s  a . p . 1 4 8 ° . 
i - l t r a t i o n  o f  f t -  ai d d i-u i->■ 1 1 ro b en  se i.e su ln h o n -n a u i ti a  1 1 d e s .
Both th e s e  com pounds d i s s o lv e d  s lo w ly  m  a  h o t  m ix tu re  o f  e q u a l  
p a r t s  fum ing  and n i t r i o  a c id s  and  d i l u t i o n  w ith  a c e t i o  a o id  f u r ­
n is h e d  th e  i n t r o  d e r i v a t i v e s .  No m ethod was fo u n d  f o r  h y d ro ­
ly s i n g  th e  v e r y  i n s o l u b l e  p ro d u c ts . The p r o d u o t  from  th e  f t -  
compound a f t e r  reor.> s t a l l  1 s a t  io n  from  b o i l i n g  p y r id in e  s o i t e n e d  
a t  205° an d  m e lte d  b e tw e e n *221 -  227° ( d e o . ) .  (F ound : N, 1 0 .1
t y s h l i ’ 10^ 4 ? 2  r e q u i r e s  S ,  1 0 . 0 / ) .  The p ro d u o t  from  th e  |l-o o m - 
pouud  a f t e r  o r y s t a l l i s a t i o n  from  p y r id in e  s o f te n e d  a t  185° and  
m e lte d  betw een 18i an d  196° ( fo u n d  N , 1 0 . 2 ) .
1 0 8 .
A n a l y s i s  t h e r e f o r e  i n d i c a t e s  m o n o  n i t r a t i o n  i n  b o t h  o a s e s .
THE M TRrTION o f  l : 5 -AhsiNC hATHBiOL,
1 0 9 .
P u r i f i c a t i o n  o f  l s 5 -Rm ino n a p h th o i . The s t a r t i n g  m a te r i a l  
was 1 : 5 -am ino  n ap h th o i. s u lp h a te  w hioh was s u p p l i e d  by I m p e r ia l  
O hem ioal I n d u s t r i e s  L t d . ,  ( D y e s tu f f s  G ro u p ) . The n e s t  m ethod 
o f  p u r i f i c a t i o n  was by d i s s o l v i n g  i t  i n  b o i l i n g  d i l u t e  h y d ro -  
o h l o r i c  a c id  w ith  a d d i t i o n  o f  an im a l c h a r c o a l ,  f i l t e r i n g  an d  
n e u t r a l i s i n g  th e  f i l t r a t e  w ith  880 am m onia. The 1 : 5 -am ino  
n a p h th o i  so o b ta in e d  was p r a o t i o a l l y  c o l o u r l e s s  an d  h a d  m .p .
185 -  190° ( d e c . ) .  The h y d r o c h lo r id e ,  som ewhat s p a r in g ly  
s o lu b l e  i n  c o ld  w a te r  fo rm ed c o l o u r l e s s  n e e d l e s ,  w hioh b la c k ­
en ed  a t  o a .2 8 0 °  an d  m e lte d  w<th d e c o m p o s it io n  a t  o a . 3 0 0 ° .
N i t r a t i o n  o f  D i - m- n i t ^  : 5 - ^ i n q  najAfekfll*
To 1 :5 -am ino  n a p h th o i  ( 1 0 g .)  in  p y r id in e  was added  j - n i t r o b e n z -  
e n e s u lp h o n y l c h l o r i d e .  The m ix tu re  was l e f t  t o  s ta n d  f o r  two 
h o u r s  an d  th e n  ru b b ed  w ith  d i l u t e  h y d r o c h lo r ic  a o id .  The s o l i d  
pow der was c o l l e c t e d ,  a n t  d r i e d .  The d i- ia - n i t r o b e i iz e n o a u ln h o n -  
v l  d e r i v a t i v e  was an  e x tre m e ly  in s o l u b le  compound and  was p u r i ­
f i e d  by s u s p e n d in g  in  b o i l i n g  g l a c i a l  a o e t i o  a c id  an d  f i l t e r i n g .  
I t  was th u s  o b ta in e d  a s  a  g re y  pow der, m .p .239 -  2 4 1 ° . (Found:
N , 8 .0  r e q u i r e s  N , 7 .9 % ).
T in s  s u b s ta n c e  was su sp e n d e d  i n  a  m ix tu re  o f  a c e t i c  a c id  
( 7 0 o .c . )  and  c o n c e n t r a t e d  n i t r i c  a c id  ( 1 0 c .o . )  and  warmed on th e  
w a te r  b a th .  N i t r a t i o n  to o k  p l a c e ,  th e  s o l i d  g o in g  i n t o  s o l u t i o n  
an d  s h o r t ly  a f te r w a r d s  b e in g  p r e c i p i t a t e d  a s  th e  d i n i t r o  body. 
A f t e r  a l l  v i s i b l e  r e a o t i o n  h ad  c e a s e d ,  th e  m ix tu re  was f i l t e r e d  
h o t  a n d  th e  s u b s ta n c e  w ashed s u c c e s s iv e ly  w ith  b o i l i n g  a o e t i o  
a c i d ,  t i l l  th e  w ash in g s  w ere c o l o u r l e s s .  2 : 4- d i n i t r o - d i - ia- n i t r Q  
o e n z e n e s u ln h o n v l-1 : 5- a m in o n a n h th o l . ( fo u n d  N , 1 1 .5  
r e q u i r e s  N, 1 1 .1 / ) ,  was so o b ta in e d  a s  r e d d i s h  brown p l a t e s ,  m .p .
214 -  215° ( d e c . ) .  No p u re  p ro d u o t  was i s o l a t e d  from  th e  
m o th e r  l i q u o r .  T h is  compound was r e s i s t a n t  to  f u r t h e r  n i t r a ­
t i o n  an d d i s s o lv e d  i n  h o t  o a u s t io  so d a  to  g iv e  a  deep  r e d  s o lu ­
t i o n .  fto m ethod c o u ld  be fo u n d  to  h y d ro ly s e  t h i s  v e r y  i n s o l ­
u b le  s u b s ta n c e .  I t  was u n a f f e c t e d  by c o ld  c o n c e n t r a t e d  s u l ­
p h u r i c  a o id  o r  by 60 s u lp h u n o  a c id  a t  1 0 0 ° .
N i t r a t i o n  o f  j J ib e n z o v l - l : 5 -a m in o n a + h th o i . T h is  was ob­
t a in e d  by s h a k in g  an  a l k a l i n e  s o lu t i o n  o f  1 : 5 -am ino  n a p h th o l  
w ith  b e n z o y l c h l o r i d e .  i t  c r y s t a l l i s e d  from  a  la r g e  b u lk  o f  
a c e t i o  a o id  in  p l a t e s ,  m .p .2 7 4 ° . ( h e r . .1 9 0 6 .3 9 .3 0 2 6 ) .
A m ix tu re  o f  d ib e n z o y l  1 :5 -am m o n a p h th o l  ( f $ g . )  a c e t i c  
a c id  ( 4 0 0 c .c . )  and c o n c e n t r a te d  n i t r i o  a c id  ( 1 6 c . c . )  was h e a te d  
on th e  w a te r  b a th .  A f t e r  a  s h o r t  tim e  th e  s u b s ta n c e  d i s s o lv e d  
w ith  e v o lu t io n  o f  brown fum es, and was t h e r e a f t e r  p r e c i p i t a t e d  
a s  a  b ro w n ish  y e llo w  c r y s t a l l i n e  p r e c i p i t a t e .  T h is  was f i l t e r ­
ed  h o t  and .a sh ed  w ith  b o i l i n g  a c e t i c  a c i d .  i t  had  a . p . 269 -  
271° ( d e c . )  ai d th e  y i e l d  was lOg* The n i t r i o  a c i d  m o th e r
l i q u o r  d e p o s i te d  a  f u r t h e r  sm a ll q u a n t i t y  ( l g . )  a f t e r  12 h o u r s .  
T h is  d x u .itro  compound was s p a r in g ly  s o lu b le  in  b o i l i n g  a c e t i c  
a c i d  ( c a . l g .  i n  300o o . )  and  c r y s t a l l i s e d  in  y e l lo w  n e e d le s ,  
m .p .2 7 0  -  272° ( d e c . ) .  (F ound : f t , 9 .0  C ^ g O ^ N ^ r e q u i r e i
h y d r o l y s i s . The O -b e n zo y l g ro u p  was rem oved by w arm ing 
w ith  d i l u t e  sodium  h y d ro x id e  s o l u t i o n  ( c a . l  f t . )  on th e  w a te r  
b a th .  The s u b s ta n c e  g r a d u a l ly  p a s s e d  in to  s o l u t i o n  fo rm in g  a  
d eep  r e d  c o lo u r .  The l i q u i d ,  a f t e r  f i l t e r i n g ,  was a c i d i f i e d  
when a  g r e e n i s h  y e l lo w  p r e c i p i t a t e  was th row n down. T h is  was 
c o l l e c t e d ,  w ashed w ith  h o t  w a te r  to  rem ove b e n z o ic  a o id ,  and  
d r i e d .  The d i;  i t r o  ooapound h ad  m .p .2 7 5  -  280° ( d e e . )  and 
a f t e r  c r y s t a l l i s a t i o n  from  s o i l in g  a c e t i o  a c i d ,  i n  w hich i t  was
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v e ry  s p a r in g l y  s o l u b l e ,  form ed y e llo w  p l a t e s ,  m .p .280 -  285° (d e d  
(F ound : N ,1 1 .6  G l7 H l]Q j^ 8  r e q u i r e s  f t ,  1 1 .8 % ).
A tte m p ts  to  h y d r o ly s e  th e  f t-b e n z o y l g ro u p  w ere u n s u c c e s s ­
f u l .  The s u b s ta n c e  was r e c o v e re d  u nchanged  a f t e r  ( a )  h e a t i n g  
w ith  60% s u lp h u r io  a c id  to  100° and (b )  h e a t i n g  w ith  c o n c e n t r a t ­
ed  h y d r o c h lo r ic  a c id  i n  a  s e a le d  tu b e  to  135 -  140° f o r  3g -  4  
h o u r s .  I t  was decom posed by h e a t in g  w ith  1 5 / ammonia a t  130° 
f o r  1 h o u r .
A c e t.v la t io n  o f  l : 5 -A m n o  n a n h th o i . A num ber o f  m ethods 
w ere  t r i e d  and th e  m ost c o n v e n ie n t  found  t o  be a s  f o l l o w s : -  
To th e  am ino n a p h th o l  s u lp h a te  (20g.) m ixed w ith  f u s e d  
sod ium  a c e t a t e  ( 2 0 g .)  was ad d e d  e x o e ss  o f  a c e t i c  a n h y d r id e ,  w ith  
a g i t a t i o n .  l i e a t  was e v o lv e d  and  th e  d i a c e t v l  compound c r y s t a l ­
l i s e d  o u t .  T he m ix tu re  was h e a te d  f o r  & h o u r  on th e  w a te r  b a th  
a n d  th e n  w arned  f o r  a  f u r t h e r  p e r io d  w ith  a d d i t i o n  o f  w a te r .
The r e d d is h  brown s o l i d  was f i l t e r e d  and  c r y s t a l l i s e d  from  a lo o ­
h o l  ( c h a r c o a l ) .  l - A o e ta a in o - 5-n aT ih th v l a c e t a t e  was so o b ta in e d
a s  p l a t e s ,  m .p .1 9 4 ° . (F o u n d : f t , 5 .8  r e q u i r e s  l s ,5 .8  ) .
I t  was u n a t ta c h e d  by c o ld  c o n c e n t r a t e d  n i t r i o  a c i d ,  and  was
decom posed w ith  warm d i l u t e  n i t r i c  a c id .
N-A o e t.v l-1 : 5-am m o n a n h th o  I was o b ta in e d  from  th e  d i& o e ty l
compound by h y d r o ly s in g  w i th  sodium  h y d ro x id e .  I t  c r y s t a l l i s e d
from  aqu eo u s a l c o h o l  in  n e e d l e s ,  m .p .177° ( fo u n d :  f t, 7 .0
^12^11^2^  r ®qu i r e 8  7 .0 % ).
A tte m p ts  t o  n i t r a t e  t i n s  compound le d  to  much d e c o m p o s it io n .
1 -•V iw tam n o -S -n ay h tjjM ,,, .^ i ,8 o a ,t , ,  was o b ta in e d  from  t a .  a b o v .
compound by b e n z o y la t io n  o f  th e  a l k a l i n e  s o l u t i o n  w ith  bejnseyi
c h l o r i d e .  I t  c r y s t a l l i s e d  from  a lo o h o l  i n  n e e d l e s ,  >& .p. 208***
r
(F o u n d : ft , 4 .6  r e q u i r e s  f t , 4 .6 % ). \
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N i t r a t i o n . ( a )  The s u b s ta n c e  was added  in  s m a ll  quan­
t i t i e s  to  i c e  c o ld  c o n c e n t r a t e d  n i t r i c  a o id .  A f t e r  th e  a d d i­
t i o n ,  t h e  s o l u t i o n  was p o u re d  on to  i c e  and th e  y e l lo w  p r e c i p i ­
t a t e ,  a f t e r  c r y s t a l l i s a t i o n  from  a lc o h o l  fo rm ed  p a l e  y e l lo w  
p r i s m s ,  m .p .2 2 8  -  2 3 0 ° . T h is  was o b ta in e d  a l s o  by w arm ing th e
l - a o e ta m in o - 5 - u a p h th y l  b e n z o a te  w ith  d i l u t e  n i t r i o  a c i d .  I t  
was a  m o n o -n itro  d e r i v a t i v e . (F o u n d : N ,8 .2  r e q u i r e s
N, 8 .0 % ). L i t h  h o t  d i l u t e  sodium  h y d ro x id e  s o l u t i o n  ammonia 
was e v o lv e d  an d  no p u re  p r o d u c t  was o b ta in e d  on a o i d i f i o a t i o n ,  
o f  th e  s o l u t i o n .
(b )  lO g . w ere warmed on th e  w a te r  o a th  w ith  a  m ix tu re  o f  
g l a c i a l  a o e t io  a o id  ( 5 0 o .o . )  and  c o n c e n t r a te d  n i t r i c  a c id  ( lO o c .)  
S o lu t io n  to o k  p l a c e  w ith  e v o l u t io n  o f  brown fu m es . 2 :4 - i ) m i t r o -  
1 - a c e  t  ami n o -  o-nanh.tfay. 1 ben zo a t  e ( fo u n d ; N ,1 0 .9  
r e q u i r e s  ft, 10,6% ) was soon a f t e r  p r e c i p i t a t e d  a s  l u s t r o u s  
y e l lo w  f l a k e s  ( 7 g . ) .  C r y s t a l l i s e d  from  a  v e r y  l a r g e  b u lk  o f  
a c e t i o  a c i d  i t  was o b ta in e d  a s  p a l e  y e l lo w  n e e d le s ,  m .p .2 8 0 ° (d e o )  
The n i t r i c  a o id  m o th e r l i q u o r  on s ta n d in g  f o r  12 h o u rs  
d e p o s i te d  a  s m a ll  q u a n t i t y  o f  o ra n g e  n e e d le s  ( 0 .7 g . )  w hioh 
decom posed s h a r p ly  a t  154° ( a f t e r  r e o r y s t a l i i s a t i o n  from  a o e t i o  
a c i d ) ,  w ere i n s o l u b l e  i n  sod ium  h y d ro x id e  s o l u t i o n  and w ith  
a c e t i o  a n h y d r id e  an d  a  d ro p  o f  s u lp h u r ic  a o id  w ere r e c o n v e r t e d  
t o  2 : 4 - d in i t r o - l - a o e t a m in o - 5 - n a p h t h y l  b e n z o a te .  The com pound 
*aa  t h e r e f o r e  2 : 4 - d i i a t r o - l - q iu in o - o - i . a p h th v l  b e iiS o a te . (F o u n d : 
f t , 1 2 .2  r e q u i r e s  f t, 11 .9% ).
H y d ro ly s is  o f  2 : 1- d i n i t r o - 1- a c e ta iU i i  - 5- n a i h t h v l  b e n z o a te .
T h is  d i s s o lv e d  s ow ly  in  warm v e r y  d i l u t e  sodium  h y d ro x id e
s o l u t i o n .  Even u n d e r  t h e s e  m ild  c o n d i t i o n s ,  h o w ev er, ammonia
was e v o lv e d  and some > eo o m p o sitio n  s e t  i n .  The deep  r e d  s o lu ­
t i o n ,
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a f t e r  f i l t e r i n g ,  was a c i d i f i e d  and th e  d a rk  y e llo w  p r e c i p i t a t e  
c o l l e c t e d .  i ie n s o io  a o id  m s removed by h o t  w a te r  and  th e  p ro ­
d u c t  a f t e r  c r y s t a l l i s a t i o n  from  a c e t i c  a c id  fo rm ed  y e l lo w  r o d s ,  
n u p .2 5 3  -  259° ( d e c . ) .  The y i e l d  o f  2: 4- d i n l t r o - i - a o e ta u u n o -
5-n a n li th o I  so o b ta in e d  was a b o u t 50% th e o r y .  (F o u n d : ft ,1 4 .5  
^12^9° 6^3 r e q u i r e s  f t, 1 4 .4 % ). The aq u e o u s  w ash in g s  c o n ta in in g  
b e n z o io  a o id  were n e u t r a l i s e d  in  th e  c o ld  w i th  sodium  b ic a rb o n ­
a t e .  A s m a ll  q u a n t i t y  o f  o ra n g e  p r e c i p i t a t e  rem a in ed  w hich 
a f t e r  r e o r y s t a l l i s a t i o n  from  h o t  w a te r  fo rm ed  l i g h t  r e d  p l a t e s ,  
w i th  i n d e f i n i t e  m .p .( o a .2 5 0 ° w ith  d e c o m p o s i t io n ) .  T h is  was 
o b t a i e d  a l s o  by h y d r o l y s i s  o f  th e  d i n i t r o - f t - a c e t y l  n a p h th o l  
(a b o v e )  w i th  a l c o h o l i c  h y d r o o h lo r io  a c id  and i t s  c o n s t i t u t i o n  
a s  2 :4 - d i n i t r o - l - a m in o -5- n a n h th o l  ( fo u n d : f t , 1 6 .3  
r e q u i r e s  16.9% ) c o n f irm e d  by g iv in g  2 : t - d i n i t r o - d i - j a - n i t r o - b e n -  
z e n e s u lp h o n y l-1 :5 -a m in o  n a p h th o l  (p a g e  io<f) w ith  a g -n itro b e n s e n e  
s u lp h o n y l d h lo r id e  in  p y r i d i n e  s o l u t i o n .  
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